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PREFACE 


In  these  days  of  extensive,  almost  entangling,  and  yet  generally 
exact  laboratory  training  in  the  methods  and  ])rocesses  of  diagnosis, 
there  is  a  tendency  among  medical  students  to  slight  and  become 
superficial  in  the  resix)nsibility  and  cultivation  of  careful  and  minute 
clinical  observation:  students  are  more  apt  to  scrutinize  the  chemical 
and  microscopic  aspects  of  a  patient's  secretions  and  excretions  than  to 
perceive  and  analyze  his  physical  signs  and  objective  symptoms.  With 
a  clear  apprwiation  of  the  accuracy  and  utility  of  laboratory  results  in 
their  wonderful  details  and  penetrating  ramifications,  it  behooves  us, 
nevertheless,  to  enlarge  upon  and  emphasize,  in  the  following  pages, 
the  physical  methods  of  observation  of  the  individual's  bodily  organs 
and  their  functions. 

In  my  teaching  experience  it  has  appeared  that  the  average 
medical  student  tends  to  neglwt  or  misappreliend  the  intrinsic  im- 
portance of  two  things,  namely:  technic  and  reason.  He  is  inclined 
to  exhibit  a  superficial  and  hasty  zeal  and  endeavor  to  get  at  the 
physical  signs  somehow,  but  without  methodic  and  patient  proce- 
dure and  practise;  and  his  mental  drift  is  toward  jumping  at 
conclusions  from  insufficient  data  and  inefficient  correlation. 

It  is  the  double-barreleil  purpose  of  this  book,  its  dual  raison 
d'etre,  to  counteract,  as  far  as  text-book  influence  may  (of  course, 
less  potent  than  the  personal  power  of  the  teacher),  this  deficiency 
and  tendency  in  the  student  body  of  our  medical  colleges. 

First,  insistence  and  emphasis  is  to  be  placed  upon  technical 
practise  and  precision;  upon  those  principles  of  action  and  methods 
of  procedure,  concentrated  and  painstaking  attention  to  which  will 
prevent  meager  and  confused  results  in  the  interpretation  of  the 
signs  thus  elicited. 
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Secondly,  the  inculcation  of  the  inductive  habit  of  thinking:  the 
analysis  of  observed  facts;  the  perception  of  their  siniihirity  of 
meaning;  and  thus  the  avoidance  of  an  inconseciuential,  fallacious 
empiricism.  We  need  in  clinical  work  more  of  the  line  of  diagnostic 
thinking  exemplified  by  Dr.  (Sir)  Arthur  Conan  Doyle's  immortal 
consulting  detective,  namely,  the  "  synthetic  induction  "  habit ;  in- 
deed, it  is  the  author's  custom  to  recommend  to  medical  students 
the  careful  reading  of  the  "  Adventures  and  Memoirs  of  Shi^rlock 
Holmes.^'  It  is  in  the  province  of  the  physician  to  discover  the 
evidences  (signs)  of  disease  as  it  was  his  to  detect  those  of  crime; 
to  deduce  the  meaning  and  identity  of  the  signs  (the  logic  of 
synthesis) ;  then  to  collect  and  correlate  these  separate  deil notions 
and  to  perc(nve  their  similarity  in  harmony  with  a  single  conclu- 
sion inferred  from  them  (the  logic  of  induction). 

It  will  be  noticed,  however,  that  the  application  of  the  inductive 
method  is  limited  to  the  sections  on  the  special  physical  diagnosis 
of  diseases  of  the  lungs  and  heart;  to  the  citation  and  analysis  of 
certain  individual  cases  illustrating  the  method ;  it  would,  obviously, 
be  irrelevant  and  irrational  to  force  the  inductive  treatment  of  the 
subject  throughout  the  work,  particularly  at  the  beginning,  where 
the  elemental  facts  and  principles  and  the  description  and  details 
of  technic  must  first  be  apprehended  in  order  to  make  the  method 
productive. 

It  is  the  spirit,  the  trend  of  the  inductive  method  which  is 
adopted  here.  The  purpose  is  not  to  be  cyclopedic  in  the  mere 
enumeration  of  physical  signs  to  burden  the  memory:  the  technical, 
logical,  and  practical  are  more  worthy  of  emphasis  and  develop- 
ment. It  is  vitally  important  that  the  student,  in  the  practise  of 
a  careful  technic,  gains  assurance  of  observation  and  intelligence 
of  apperception;  and  that  he  learns  to  think  logically  uix)n  what 
he  thus  finds. 

It  is  hoped  that  this  l)ook  may  accord,  in  some  measure,  with 
the  ideals,  standards,  and  ra])idly  rising  reqinrements  of  modern 
training  in  our  medical  scliools  of  all  sizes,  rank  of  attainment, 
prestige,  and  afiiliation.     We  believe  that,  at  the  present  time,  the 
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majority  of  students  graduated  from  our  medical  colleges  fall  far 
short  of  an  adequate  knowledge  of  the  facts,  principles,  and  clinical 
importance  of  physical  diagnosis,  and  of  practical  training  in  the 
technic  of  the  methods  of  physical  examination. 

Furthermore,  in  view  of  the  increasing  number — already  consid- 
erable— of  medical  examiners  for  life-insurance  companies,  and  of 
physical  directors  for  college,  club,  and  Y.  M.  C.  A.  gymnasiums, 
what  has  just  been  indicated  in  the  previous  paragraph  calls  for 
serious,  energetic,  and  enthusiastic  reflection  and  regeneration.  Be- 
sides, it  may  not  be  questioned  that  a  more  thorough  teaching  of 
physical  diagnosis,  in  its  essentials  at  least,  should  be  given  in  our 
dental  college  curricula;  dental  students  should  be  required  to  learn 
especially  those  physical  signs  of  the  heart  which  so  constantly  sus- 
tain vital  relations  to  the  precautions,  complications,  and  progress 
of  anesthesia. 

Other  works  and  the  latest  literature  bearing  upon  the  subject 
have  been  drawn  upon  for  many  of  the  long-established  and  lately 
demonstrated  facts  tested  and  proven  by  competent  experience. 

As  to  the  illustrations,  most  of  which  were  borrowed  because  of 
their  suitability  to  the  text,  the  author  wishes  to  express,  however 
feebly,  his  especial  appreciation  and  admiration  of  those  loaned  by 
Dr.  Glentworth  R.  Butler  with  the  kindest  courtesy  possible. 

Finally,  to  Dr.  Pfahler  I  am  highly  indebted  for  his  valuable 

chapter  on  Rontgenography,  and  for  the  use  of  his  very  fine  and 

rare  and  complete  Rontgenograms.     It  is  a  pleasure  to  commend 

his  technical  ingenuity  and  skill  not  only,  but  his  penetrating  and 

judicious  clinical  interpretations  as  well. 

H.  S.  A. 
1836  Wallace  Street,  Philadelphia. 
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Definition. — Practically,  physical  diagnosis  is  the  art  of  detect- 
ing and  discriminating  diseases  of  the  chest  and  abdomen  by  the 
aid  of  signs  denoting  the  abnormal  physical  conditions  of  the  organs 
or  structures  under  examination. 

Broadly  speaking,  it  is  the  objective  investigation  of  the  whole 
body  by  the  use  of  the  physician's  special  senses,  especially  of  sight, 
of  touch,  and  of  hearing,  with  the  appropriate  aid  of  instruments  of 
precision;  so  that  the  perceived  and  demonstra])le  results  of  the 
physical  examination,  in  the  physical  signs  elicited,  may,  severally 
or  conjointly,  be  said  to  be  visible,  palpable,  and  audible.  In  the 
scientific  development  of  medical  practise,  however,  the  methods  of 
physical  diagnosis  are  recognized  as  most  applicable  to  the  deter- 
mination of  tlie  anatomic  and  physiologic  deviations  caused  by 
affections  of  the  thoracic  and  abdominal  viscera:  thus,  of  the  chest, 
the  heart  and  lungs  are  examined  and  studied;  of  the  belly,  the  liver, 
spleen,  stomach,  bowels,  and  kidneys.  As,  early  in  the  century  just 
past,  Piorry,  in  P'rance,  expressed  it  in  his  word  ''  organography,"  the 
idea  of  physical  diagnosis  is  embraced  fairly  well  in  the  determina- 
tion of  the  actual  and  rehitive  ])osition,  material  condition,  and  sensi- 
ble functional  actiim  of  the  organs  contained  witliin  the  body. 

Standpoint  and  Importance. — To  the  superficial  comprehensiveness 
of  the  "physiognomy  of  disease''  (Gairdner)  physical  diagnosis  adds 
penetration  and  ])recision  of  method,  and  rational  reliability  of  evi- 
dence; the  value?  of  the  objective  symptoms  of  the  former  being  con- 
trolled and  tested,  augmented  or  invalidated,  by  the  physical  signs 
of  the  latter.  Thus,  while  such  external  phenomena  as  refer  to  the 
general  appearance  of  the  patient  may  indicate  as  a  guide-post  the  in- 
ternal organ  or  organs  in  which  disease  is  to  be  looked  for,  it  is  only 
as  the  methods  of  physical  examination  are  carefully  applied  that  we 
really  learn  the  presence,  character,  extent,  and  stage  of  an  organic 
pulmonary  or  cardiac  affection.  For  instance,  we  may  note  the 
stature,  build,  posture,  com})lexion,  and  facial  expression,  apparent 
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age  as  compared  with  the  real  age,  finger-ends,  dropsy,  dyspnea,  tem- 
perature, cough,  etc.,  pointing  to  thoracic  disease,  in  the  line  of 
physiognomic  diagnosis.  When  the  intimate  association  of  the 
respiratory  and  circulatory  functions  is  realized,  however,  obvionsly 
it  is  impossible  to  define  with  any  precision  whether  the  heart  or  a 
lung  is  the  seat  of  disease,  what  that  disease  is,  what  it  involves,  and 
whether  or  not  both  systems  are  affected  independently  or  sequentially, 
unless  the  more  exact  results  of  systematic  physical  exploration  are 
sought  for  and  explained. 

The  importance,  then,  of  physical  diagnosis,  in  diseases  of  the 
chest  especially,  exists  primarily  and  essentially  in  the  fact  that  it 
puts  forth  physical  evidence  of  morbid  changes  and  pathologic  proc- 
esses which  can  \yo  learned  in  no  other  way  than  by  the  trained 
eye,  ear,  and  hand  of  the  responsible  physician;  evidence  gotten  in- 
dependently of  the  sometimes  misleading  and  malingered  statements 
of  the  patient's  medical  history  or  symptoms;  and  secondarily  and 
indirectly  because  it  not  only  serves  as  a  check  or  control  over  the 
significance  of  the  complexus  of  mere  symptoms  of  thoracic  affec- 
tions, but  because  it  contributes  such  positive  and  accurate  evidence 
as  to  enhance  the  value  of  a  rational  symi)tomatology  and  give  com- 
pleteness to  the  general  medical  diagnosis:  our  whole  clinical  con- 
ception of  a  given  case  is  rendered  clearer,  (1ee])er,  and  broader  in  the 
related  facts  of  its  etiology*,  pathologic  anatomy,  and  senieiology;  and 
by  so  much  prepares  for  and  sustains  a  wiser  ])rognosis  and  safer  and 
more  successful  management. 

Physical  Signs. — These  have  been  referred  to  following  the  defini- 
tion of  physical  diagnosis,  and  it  is  simply  ])urposed  here  to  describe 
more  definitely  their  general  character  and  meaning.  It  should  be 
home  in  mind  that  while  purely  objective  manifestations,  physical 
signs  are  not  to  he  confused  with  objective  symptoms,  so-called;  par- 
ticularly as  the  latter  are  not  infreciuently  spoken  of  as  "  signs''  of 
disease.  A  pliysical  sign  is  always  objective;  but  an  objective  phe- 
nomenon is  not  necessarily  or  always  a  physical  sign,  for  it  may  Ikj 
only  an  objective  symptom.  To  illustrate:  rapidity  of  respiration  and 
a  one-sided  bulging  of  the  chest  are  objectively  perceived;  but  the 
former  is  a  symptom  discovered  by  the  general  observation,  while 
the  latter  is  a  physical  sign  observed  by  the  special,  comparative, 
and  critical  method  of  inspection.  Again,  breathlessness  (dyspnea), 
a  bluish  ])allor  of  the  lips  and  cheeks  (cyanosis),  are  objective  symp- 
toms or  signs:  while  an  irregular,  turbulent  throbbing  over  the  heart 
and  an   abnormal  position  of  the  apex-beat   (palpable)    and  weak, 
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arhythmic  sounds  (audible)  are  physical  signs  elicited  by  the  special 
methods  of  palpation  and  auscultation.  It  should  be  noted,  too,  that 
subjective  symptoms,  or  those  felt  only  by  the  patient,  as  pain,  ver- 
tigo, are  not  all  exclusively  so;  for  example,  coughing  and  shortness 
of  breath  are  both  subjective-objective  symptoms,  recognized  by  the 
physician  as  well  as  known  to  the  patient. 

It  is  literally  true,  then,  that  physical  signs  are  special  signs, 
(1)  because  recognized  objectively  by  the  three  special  senses  of  the 
physician — ^vision,  feeling,  and  hearing;  (2)  because  they  are  the 
result  of  the  application  of  special  methods  of  physical  examination. 
They  are  physical  signs  because  they  represent  changes  in  the  physical 
properties  of  organs  consequent  upon  certain  anatomic  conditions 
and  changes.  They  are  thus  present  in  health  as  well  as  in  disease; 
and,  logically,  they  must  be  known  in  states  of  health  before  they 
can  be  the  means  of  aiding  us  in  distinguishing  diseased  conditions 
from  normal  conditions;  and  further,  it  must  be  known  what  struc- 
tural changes  they  evidence  in  the  various  affections,  in  order  that 
these  may  be  differentiated.  "  Symptoms  guide  us,  generally,  by 
physiological  inference;  physical  signs,  by  anatomical  necessity" 
(Hartshome).  Our  knowledge  of  the  significance  and  value  of 
physical  signs  is,  of  course,  the  outcome  of  close,  extended,  and 
multitudinous  observations,  confirmed  by  examinations  of  the  morbid 
changes  discovered  post  mortem;  and  by  clinical  pathology  (patho- 
logic physiology). 

Physical  Ihag^osis  as  a  Science. — Jevons  says  that  "a  science 
teaches  us  to  know,  and  an  art  to  do."  Not  only  has  physical  diag- 
nosis gradually  acquired  for  itself  this  positive,  precise,  and  practical 
importance  of  a  special  art,  but  it  is  also,  if  not  an  exact  science,  at 
least  largely  and  signally  scientific.  Ophtbahiiology  has  been  called 
the  most  mathematically  accurate  of  the  specialties  of  medical  prac- 
tise; physical  diagnosis,  the  mathematics  of  internal  medicine;  not 
because  of  any  marked  numerical  certainty,  but  because  of  its  accu- 
racy of  method  and  logical  soundness  and  synthetic  probability  of 
results.  For  science  is  not  only  the  "  observing,  recording,  verifying, 
and  formulating  of  facts  " ;  it  is  also  the  recognition  and  explanation 
of  the  relations  of  facts,  and  the  principles  governing  them.  An  art 
always  presupposes  a  certain  amount  of  science ;  and  it  is  the  province 
of  the  science  of  physical  diagnosis  to  analyze,  collate,  classify,  and 
systematize  into  an  organic  whole  the  known  physical  signs;  to  per- 
ceive their  characteristics,  to  determine  their  causes,  to  interpret  their 
significance. 
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The  fact  that  the  art  of  physical  diagnosis  depends  upon  (under 
next  heading)  a  preliminary  knowledge  of  physics,  anatomy,  physiol- 
ogy, pathology — sciences — makes  it  fundamentally  and  truly  scien- 
tific. And  eminently  true  is  it  that  the  method  of  this  practise  is 
based  upon  the  general  method  of  inductive  logic,  the  logic  of  science, 
involving,  as  it  does,  not  simply  the  collection  of  facts,  but  their 
verification  and  explanation  by  means  of  the  contributory  processes 
of  comparative  observations  and  separate  deductions. 

Belations  of  Physical  Diagnosis. — Physical  diagnosis  is  scientif- 
ically the  eldest,  as  clinical  microscopy  and  clinical  chemistry  are  the 
younger  brothers  in  the  working  out  of  modern  medical  diagnosis; 
worthy  children  of  a  worthy  parent — general  semeiology:  neither, 
alone,  sufficient  without  the  others,  nor  two  combined  without  the 
other,  but  the  precise  and  special  results  of  the  younger  clarifying 
and  controlling,  or  confirming,  and  reciprocally  being  guided  and 
valued  by  the  broad  and  rational  basis  of  the  eldest. 

Physical  diagnosis  is  directly  dependent,  however,  upon  five  (5) 
fundamental  sciences,  the  thorough  study  and  adequate  knowledge 
of  which  are  essential  to  any  accuracy  of  physical  exploration 
and  soundness  of  diagnostic  deduction.  These  are  as  follows: 
(1)  Medical  physics;  (2)  anatomy  (especially  topographic  and  reto- 
tional) ;  (3)  physiology  (including  the  experimental) ;  (4)  paih- 
ology  (especially  the  gross  morbid  changes  in  structure) ;  (5) 
logic, 

(1)  The  very  phrase  and  term,  physical  diagnosis  (title,  physi- 
cian), presupposes  a  distinct  cognizance  of  the  phenomena  and  prin- 
ciples of  physics  as  applied  to  medical  diagnosis.  For  a  consistent 
apprehension  of  the  significance  of  most  of  the  important  physical 
signs  elicited  by  feeling  of  the  chest  walls  (palpation),  sounding 
(percussion),  and  direct  or  instrumental — stethoscopic — listening 
(auscultation),  there  must  be  some  clear  knowledge  of,  for  example, 
the  attributes  of  sounds,  such  as  intensity,  pitch,  quality ;  the  changes 
and  various  effects  in  their  production,  conduction,  and  dissipation 
in  and  over  different  structures  and  organs,  such  as  pertain  to  air- 
containing  and  airless  organs,  bronchial  and  intestinal  tubes;  the 
acoustic  effects  of  increased  density,  as  of  a  morbid  deposit  in  the 
lungs,  of  diminished  elasticity,  of  intervening  normal  or  pathologic 
structures,  and  of  the  presence  abnormally  of  gaseous,  liquid,  and 
solid  substances  upon  the  character  and  propagation  of  sound  waves; 
the  relations  of  the  volume  and  tension  of  membranous  organs  or 
cavities  to   the  pitch,  especially,  of  percussion  vibrations;  and  the 
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dependence  of  the  phenomena  of  the  cardiovascular  system  upon  the 
principles  of  hydrod3mamics  (hemodynamics?). 

(2)  That  an  accurate  acquaintance  with  at  least  gross  anatomy 
is  a  sine  qua  non  in  the  study  and  practise  of  physical  diagnosis 
needs  but  to  be  mentioned  to  meet  with  ready  assent.  For  how  can 
the  location^  size,  shape,  and  mobility  of  outline  of  physically  de- 
monstrable organs  be  determined,  with  their  pathologic  changes, 
unless  their  anatomic  relations  to  surface  landmarks,  as  well  as  to 
each  other,  are  clearly  known  ?  "  The  ambition  of  the  student  of 
anatomy  is,  or  should  be,  the  ability  to  see  through  the  body,  per- 
ceiving in  the  mind's  eye  all  the  structures  included  therein,  and  their 
complicated  relations  to  each  other.  This  ability  the  student  must 
gain  somehow,  if  he  is  to  achieve  real  success  in  medicine  or  surgery; 
for  upon  this  knowledge  are  based  both  physical  diagnosis  and  surgical 
procedure"  (Jackson:  University  of  Missouri),  Journal  Amer,  Med, 
Assn.,  September  21,  1901.  It  should  be  borne  in  mind,  too,  that 
a  knowledge  of  regional  anatomy  is  fundamental  to  the  precise  appli- 
cation of  practically  all  of  the  methods  of  physical  investigation,  and 
especially  of  percussion,  simple  or  auscultatory. 

(3)  As,  in  physical  diagnosis,  we  are  dealing  with  living,  func- 
tioning organs,  though  presumably  diseased  ones,  it  is  plain  that 
physiology  is  likewise  a  basal  branch.  The  normal,  physiologic  func- 
tions of  the  heart  and  lungs  give  rise  to  physical  signs  (normal), 
which  must  be  perceived  and  understood  before  the  abnormal  changes 
can  be  recognized  and  interpreted.  A  familiar,  ready,  and,  as  it  were, 
standard  acquaintance  with  the  pulmonary  and  cardiac  movements 
and  cycles  and  their  sounds,  as  met  with  in  health,  is  an  indispensable 
preparation  to  an  adequate  appreciation  of  abnormal  variations  and 
conditions.  While  there  is  a  large  field  for  post-graduate  original 
work  in  the  domain  of  experimental  physiology,  especially  in  the  study 
of  cardiovascular  phenomena,  at  the  same  time  the  facts  and  laws 
already  established  constitute  an  important  part  of  the  preliminary 
knowledge  in  physical  diagnosis. 

(4)  Following  naturally  the  preceding  requirement  is  the  very 
practical  necessity  of  knowing  not  only  independently  the  physical 
characteristics  of  the  gross  morbid  organic  changes,  but  also,  and 
particularly,  their  more  or  less  definite  relations  to  the  abnormal 
physical  signs  observed  and  elicited  during  life:  a  knowledge  of  the 
ante-mortem  physical  phenomena  should  be  compared  with  that  of 
the  post-mortem  findings.  Modifications  of  the  signs  as  affected  by 
the  various  stages  of  certain  pathologic  processes,  as  in  pulmonary 


8  PHYSICAL   DIAGNOSIS 

tuberculosis,  lobar  pneumonitis,  pericarditis,  etc.,  it  is  also  essential 
to  apprehend.  Neither  can  the  facts  and  laws  of  physics  and  experi- 
mental physiology  be  applied  to  the  explanation  of  the  phenomena  of 
pulmonary  and  cardiac  diseases — and  their  treatment,  also  (Balfour) 
— unless  the  pathology  or  mode  of  their  production  and  the  conse- 
quences of  their  action  upon  the  functions  of  other  and  related  organs 
are  understood. 

(5)  Logic  is  the  fundamental  science  of  all  the  sciences  {scientia 
scientiarum) ;  the  physiology  of  thought;  and  in  no  part  of  medical 
practise  is  the  logical  training  and  habit  of  mind  more  truly  neces- 
sary and  responsible  than  in  diagnosis.  Physical  diagnosis  and  logic 
are  analogous  and  coterminous  in  that  they  aim  to  apply  clear 
methods,  to  understand  and  prove  the  evidence,  to  prevent  error  and 
fallacy,  and  to  attain  a  knowledge  of  the  nature  of  the  results — their 
significance.  Not  only  upon  alert  and  accurate  observation  does  a 
diagnosis  rest,  but  much  more  upon  normal,  methodical,  right  reason- 
ing: the  signs  must  signify,  the  data  must  be  explained  by  means 
of  logical  inference.  It  is  "  with  the  meaning  side  of  ideas  that  logic 
has  to  do"  (Creighton:  Cornell  University).  Physical  diagnosis 
consists  mainly  of  a  series  of  deductions  from  a  number  of  "well- 
established  generalities"  (Bain)  yielded  by  the  applicable  sciences 
referred  to  in  the  paragraphs  just  preceding.  No  better  or  more 
common  example  can  be  given  of  the  deductive  method  (by  syllogism) 
than  in  the  case  of  the  diagnosis  of  simple  valvular  heart-murmurs 
by  auscultation. 

So  much  for  the  prerequisites  to  the  study  of  physical  diagnosis. 
On  the  other  hand,  prognosis  and  treatment  are  dependent  upon 
physical  diagnosis,  in  large  measure,  for  the  important  objective 
evidence  it  furnishes  in  pulmonary  and  cardiac  affections  especially. 
For  instance,  in  lobar  pneumonia  the  physical  signs  indicating  exten- 
sion of  congestion  and  consolidation,  or  of  delayed  resolution,  or  of 
diminution  of  the  accentuation  of  the  pulmonary  valve  sound,  are  of 
particular  value  in  estimating  the  probable  course  and  complications, 
and  in  deciding  rationally  and  promptly  upon  the  proper  manage- 
ment of  the  patient.  Again,  the  changed  character  of  a  cardiac 
murmur  and  first,  systolic,  or  ventricular  sound,  the  altered  position 
of  the  apex-beat,  and  lateral  extension  of  percussion  dulness  over  the 
heart  indicative  of  its  more  or  less  acute  dilation,  likewise  present 
opportune  and  important  hints  in  these  respects.  Similarly,  in  other 
diseases,  as  in  the  acute  infectious  fevers,  the  prognosis  and  treat- 
ment often  require  modification  and  extra  cautiousness  of  judgment 
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and  exercise  of  skill  because  of  the  thoracic  complications  revealed 
by  the  methods  of  physical  examination. 

QualificationB  for  the  Study  of  Physical  Diagnosis. — Back  of  the 
special  knowledge  and  training  acquired  in  the  fundamentals  lie  the 
advantages  of  a  degree  of  general  equipment  that  cannot  fail  to  be 
of  marked  and  far-reaching  practical  benefit.  This  is  twofold :  phys- 
icdl  and  psychic.  These  are  necessary  for  the  work  to  be  done  in  the 
corresponding  and  cooperating  processes  of  observation  and  explana- 
tion. Since  the  results  of  physical  examination  depend  entirely  and 
exclusively  upon  the  perceptive  and  ratiocinative  sense-organs  and 
faculties  of  the  physician,  the  finer  and  stronger  these  are  innate, 
and  the  better  developed  and  balanced  their  powers  by  previous  edu- 
cation, the  readier,  broader,  and  sounder  the  diagnosis  arrived  at. 

This  means  that  anatomic  and  functional  deficiencies  of  eye,  ear, 
and  hand  may  prove  to  be  serious  handicaps  in  clinical  work.  Very 
poor  eyesight  from  exaggerated  refractive  and  asymmetric  ocular 
troubles;  partial  deafness  in  one  or  both  ears  or  from  perforated  or 
destroyed  tympanic  membranes;  and  nerve  degenerations,  finger  losses, 
deformities,  or  disabilities  from  disea.se,  accident,  or  operation,  how- 
ever slight,  are  more  or  less  drawbacks  to  efficiency. 

Of  course,  even  with  physical  wholeness  and  robustness,  naturally 
some  are  more  talented,  have  keener  sense-perceptions  than  others. 
Nevertheless,  though  not  every  one  can  inherit,  cultivate,  and  manifest 
the  exquisite  acumen  and  precision  of  a  Flint  or  Osier,  a  DaCosta 
or  Loomis  or  Pepper,  the  personal  equation  of  every  one  can  be  won- 
drously  improved  by  attentive,  earnest,  patient,  persistent,  thorough- 
going practise.  To  this  end  the  student  will  realize  that  previous 
manual  training  and  habits  of  accurate  observation  in  the  study  of 
the  natural  sciences,  such  as  zoology,  biology,  mineralogy,  botany,  and 
chemistry,  are  invaluable  requisites.  In  physical  diagnosis,  just  as 
in  the  generalizations  from  the  phenomena  of  natural  objects,  organ- 
isms, and  experiments,  we  essay  to  observe  closely  by  comparison — 
especially  in  the  detection  of  abnormalities  and  asymmetries — to  ana- 
lyze or  relate,  and  to  classify  and  interpret.  Obviously,  the  perceptive 
powers  cultivated  in  field  and  laboratory,  the  technical  skill  acquired 
in  handling  instruments  of  precision,  and  systematic  procedures 
thereby  inculcated  and  ingrained  are  hardly  less  than  absolutely  nec- 
essary modem  conditions  of  intellectual  preparedness  for  successful 
results  in  this  most  objective  department  of  general  medical  diagnosis. 

The  benefits  from  the  study  and  practise  of  physical  diagnosis 
bear  the  same  sequential  relation  to  professional  progress  in  diagnostic 
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skill  and  inference  that  those  do  to  preparatory  education  which  are 
developed  and  acquired  in  attaining  the  qualifications  for  the  study 
of  physical  diagnosis.  The  eye,  ear,  and  hand  become  more  highly 
sensitive  and  specialized,  the  prompt  concentration  and  circumscrip- 
tion of  attention  are  sharpened,  and  the  inferences  derived  from 
reasoning  upon  the  results  of  observation  are  facilitated,  and  their 
consistency  and  probability  enhanced.  A  fortiori,  the  work  and  relia- 
bility of  medical  diagnosis  in  general  are  furthered  and  established 
by  so  much :  perspicacity  becomes,  as  it  were,  a  professional  habit  at 
all  times. 


PART   I 


THE  CHEST  (THORAX) 


SECTION    I 

METHODS  AND   TECHNIC:  PHYSICAL   SIGNS 
AND   DIAGNOSIS   IN   GENERAL 


CHAPTER    I 
TOPOGRAPHIC  AND  RELATIONAL  ANATOMY  OF  THE  CHEST 

Next  to  the  actual  detection  of  physical  signs,  the  most  important 
diagnostic  point  is  their  anatomic  localization.  However,  as  some 
knowledge  of  the  surface  anatomy  in  relation  to  the  underlying 
organs  is  fundamental  to  the  development  of  the  methods  of  physical 
examination,  the  topography  of  the  chest  will  be  considered  first.  It 
is  assumed  that  the  student  is  tolerably  familiar  with  the  descriptive 
anatomy  of  the  heart  and  lungs,  and  with  such  elemental  physical 
characteristics  as  their  situation,  size,  shape,  density,  contiguity,  etc. 
(See  Introduction.) 

For  localizing  physical  signs  as  precisely  as  possible  we  utilize 
partly  the  more  or  less  obvious  anatomic  spaces  and  prominences 
(landmarks) ;  and  partly,  local  regions  outlined  arbitrarily,  and  yet 
as  naturally  and  conveniently  as  may  be,  by  the  use  of  certain  lines 
conceived  as  drawn  upon  the  surface  of  the  chest.  It  is  of  great 
importance,  in  general  as  well  as  in  physical  diagnosis,  that  an  accu- 
rate knowledge  of  thoracic  landmarks  be  obtained,  as  it  assures  accu- 
racy in  locating  the  diseased  parts  or  organs  by  the  principal  means — 
i  e.,  the  surface  indications. 

Such  knowledge  is  also  necessary  in  any  intelligent  description  of 
the  site  of  lesions,  whether  in  recitation,  clinical  conference  or  con- 
sultation, discussion  or  written  article ;  and  likewise  in  describing  and 
recording  changes  of  position,  and  of  extent  and  direction  of  the 
boundaries  of  organs.  This  holds  true  whether  the  description  refers 
merely  to  an  approximate  designation,  as  of  a  region,  or  to  the  more 
accurate  pointing  to  a  numbered  rib  or  interspace,  or  measured  rela- 
tion to  another  recognized  anatomical  prominence  or  arbitrary  line. 

13 
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ANATOMIC    LANDMARKS   OF   THE   CHEST 

(1)  Clavicle. — Starting  on  the  front  of  the  thorax,  from  above, 
are  these  double-curved  bones,  the  clavicles,  prominent  dividing  lines 
between  the  neck  and  chest  (and  supra-  and  infraclavicular  regions), 
affording  fixation  points  for  measurements,  and  covering  the  first  rib 
on  either  side. 

(2)  Sternum. — At  the  top  of  the  breast-bone  is  the  suprasternal 
notch,  on  a  level  with  the  disk  between  the  second  and  third  dorsal 
vertebra?. 

Passing  downward  from  the  notch,  about  one  and  one-half  inches 
below,  is  a  transverse  ridge  or  projection,  slight  but  distinct,  the 
angle  of  Louis  (Angulus  Ludovici).  It  is  formed  by  the  junction 
of  the  manubrium  with  the  body  of  the  sternum,  is  practically  always 
to  be  seen  and  felt  in  every  individual  (less  so  in  females  and  in 
the  obese),  and  affords  an  infallible  guide  in  the  counting  of  ribs, 
as  it  corresponds  with  the  middle  of  the  cartilage  of  the  second 
rib.  It  is  also  on  a  plane  with  the  body  of  the  fifth  dorsal 
vertebra. 

At  the  lower  e^d  of  the  sternum  is  the  slight  depression  caused 
by  the  dipping  backward  (variable)  of  the  ensiform  or  xiphoid  appen- 
dix below  its  junction  with  the  body  (gladiolus)  of  the  sternum. 
Sometimes  it  curves  and  projects  forward  so  that  its  tip  forms  a 
small  nodule,  or  nipple-like  eminence.  The  sternoxiphoid  junction 
is  nearly  on  a  line  with  the  disk  between  the  ninth  and  tenth  dorsal 
vertebrae. 

(3)  Ribs  and  Intercostal  Spaces. — Method  of  Counting  Ribs. — 
Ribs  arc  the  most  commonly  used  bony  landmarks  in  all  physical 
examinations  of  the  chest.  To  know  them  and  count  them,  there- 
fore, requires  constant  practise,  so  that  ready  familiarity  in  localiza- 
tion may  be  attained. 

As  pointed  out  above,  the  angle  of  Louis  is  always  a  reliable 
starting-point,  the  finger  running  along  horizontally  over  the  second 
rib  on  either  side,  the  number  of  any  particular  rib  being  then  de- 
termined by  counting  downward  and  feeling  somewhat  obliquely  out- 
ward at  the  same  time.  Anv  desired  rib  mav  be  followed  thus  into 
the  axilla,  and  backward  and  slightly  upward  posteriorly  toward  the 
spine. 

As  noted  by  Holden,  the  fifth  rib  corresponds  in  direction  to  the 
lower  external  border  of  the  pectoral  is  major. 


ANATOMY    OF   THE    CHEST  15 

Again,  a  line  drawn  horizontally  from  the  nipple  round  the  chest 
cuts  the  sixth  intercostal  space  midway  (midaxillary  line)  between 
the  sternum  and  the  spine — a  useful  rule  in  tapping  fluid  from  the 
chest. 

Furthermore,  when  the  arm  is  raised  horizontally  or  a  little  above, 
the  highest  visible  digitation  of  the  scrratus  magnus  corresponds  with 
the  sixth  rib.  The  two  digitations  below  this  lie  over  the  seventh  and 
eighth  ribs  respectively. 

The  eleventh  and  twelfth  ribs  can  be  felt  when  the  abdominal  wall 
is  relaxed,  even  in  short  persons.  They  slope  downward  and  forward 
otitside  the  erector  spinas  muscles. 

It  is  this  downward  slope  which  makes  the  sternal  ends  of  all  the 
ribs  lower  than  their  vertebral  articulations.  Thus,  the  third  chondro- 
sternal  junction  is  on  a  level  with  the  body  of  the  sixth  dorsal  verte- 
bra. Below  this,  to  the  seventh  rib  inclusive,  by  adding  four  to  the 
number  of  the  rib  in  front,  its  relative  level  with  the  corresponding 
^bstovertebral  articulation  behind  is  immediately  known;  for  exam- 
ple, the  fifth  rib  anteriorly  corresponds  with  the  level  of  the  ninth 
rib  posteriorly,  and  so  on. 

Upon  the  back,  points  of  height  are  also  determined  by  rib- 
counting,  though  here  it  is  manifestly  more  difficult,  especially  in 
the  corpulent. 

(a)  The  tips  of  the  vertebral  spines  may  serve  as  guides,  begin- 
ning with  the  vertebra  prominens,  or  seventh  cervical,  immediately 
below  which  the  first  rib  begins;  then  the  second  rib,  articulating 
with  the  second  and  third  dorsal  vertebrte,  and  so  on  downward,  ex- 
cepting the  tenth,  eleventh,  and  twelfth  ribs,  which  articulate  with 
their  respective  numbered  dorsal  vertebrae  only.  A  caution  is  advis- 
able here.  Owing  to  their  downward  projection,  most  of  the  dorsal 
spinous  processes  are  on  a  level  with  the  next  numbered  rib  below: 
thus,  the  second  dorsal  spine  corresponds  with  the  third  rib,  and  the 
ninth  spine  to  the  tenth  rib;  the  intervening  spines  and  ribs  accord- 
ingly; the  tenth  spine,  shorter  and  less  inclined,  is  between  the  tenth 
and  eleventh  ribs :  the  last  two  ribs,  like  the  first  one,  correspond  with 
their  respective  numbered  vertebral  spines. 

(6)  The  Seventh  Rib. — This  lies  under  the  lower  angle  of  the 
scapula  in  easy  positions  of  the  chest,  with  the  arms  resting  against 
the  chest  and  the  forearms  hanging  or  folded  lightly.  Hence  the 
ribs  may  be  counted  posteriorly  from  this  point  of  the  scapula  repre- 
senting the  position  of  the  seventh  rib. 

(c)  The  twelfth  rib  may  readily  be  felt  behind  at  its  tip  espe- 
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cially,  in  most  people,  and  affords  a  starting-point  for  counting  the 
lower  ribs  upward. 

The  intercostal  spaces  lie  below  their  corresponding  numbered 
ribs.  The  first  and  second  intercostal  spaces  are  readily  recognized, 
one  above,  the  other  below,  the  level  of  the  angle  of  Louis.  The 
second  and  third  interspaces  are  usually  the  widest,  and  in  fact  all 
the  interspaces  are  wider  anteriorly  than  laterally  and  posteriorly. 

(4)  Epigastric  Angle. — This  is  the  angle  pointing  upward  at  the 
xiphoid  cartilage,  and  is  formed  on  its  sides  by  the  lower  borders 
of  the  converging  and  coalescing  lower  ribs.  It  is  normally  and 
nearly,  in  the  average  person,  a  right  angle  during  moderate  or 
ordinary  breathing;  with  deeper  respiration,  the  ribs  rising  and 
falling,  the  angle  varies,  being  somewhat  more  obtuse  at  the  end 
of  a  full  inspiration,  with  the  ribs  more  horizontal,  and  more 
acute  at  the  end  of  deep  expiration,  when  the  ribs  slant  down- 
ward more. 

(5)  Nipple. — This  prominent  landmark  is  not  a  strictly  reliable 
one  for  constancy  and  accuracy  in  localization,  especially  in  females, 
where  the  size,  shape,  and  pcndulousness  of  the  mammary  gland  are 
inevitably  and  naturally  so  variable.  And,  although  in  the  male  even 
its  position  is  not  infrequently  anomalous,  here  it  is  sufficiently  con- 
stant, in  a  majority  of  instances,  at  least,  to  be  a  fairly  good  point 
for  localization,  as  it  usually  lies  over  the  fourth  rib  or  interspace, 
sometimes  over  the  fifth  rib,  less  commonly  over  the  fifth  interspace; 
or  about  three-fourths  of  an  inch  external  to  the  cartilages,  or  about 
four  inches  from  the  middle  of  the  sternum. 

(G)  Mammary  Gland. — This  gland  aids  in  localizing  physical 
signs  principally  in  giving  nominal  designation  to  its  region,  extend- 
ing horizontally  from  tlie  sternal  l)order  to  the  anterior  lx)undary  of 
the  axilla.  Verticallv.  its  circumferential  attachment  reaches  usually 
from  the  third  to  the  sixth  rib  or  interspace  inclusive. 

(7)  Scapula. — This  prominent  bone  lies  on  the  back  from  the 
second  to  the  seventh  ribs  inclusive.  The  inner  end  of  the  spine  of 
the  scapula  is  on  a  level  with  the  third  dorsal  spine,  and  the  inferior 
sca])ular  angle  with  the  seventh. 

(8)  Spine. — The  median  groove  or  furrow  is  distinct  in  all.  In 
its  middle  are  the  s])inou>  proces^ics,  visible  by  the  slight  bulgings  of 
the  skin  over  ihem,  e\ee])t  in  fat  individuals.  Thev  mav  be  counted 
best  ])alpal)ly  by  the  aid  of  position  or  friction:  either  by  having  the 
patient  bend  forward,  the  convexity  of  tlie  spine  causing  the  processes 
to  separate  and  stand  out  more,  or  l)y  rubbing  briskly  up  and  down 
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over  them  with  the  finger  or  towel,  their  tips  then  showing  bright 
spots  of  redness. 

The  spines  of  the  second,  third,  fourth,  fifth,  and  sixth  cervical 
vertebrae  are  scarcely  recognizable  separately,  but  the  seventh  or  ver- 
tebra prominens,  as  hinted  before,  is  a  distinct  landmark  for  counting 
and  localizing  point  of  vantage.  The  twelfth  dorsal  spine  may  be 
located  also  by  following  in  from  the  twelfth  rib,  the  tip  of  which 
may  be  felt,  when  the  lumbar  muscles  are  relaxed,  about  three  inches 
from  the  median  furrow. 


TOPOGRAPHIC    REGIONS   OF   THE   CHEST   AND 

RELATIONAL   ANATOMY 

The  recent  tendency  to  amend  the  old  nomenclature  of  the  divi- 
sions of  the  chest  made  by  certain  arbitrary  lines  conceived  as  drawn 
upon  its  surface,  and  in  which  physical  signs  were  to  be  referred 
accordingly,  is  characteristic  of  progress  in  method  toward  a  com- 
mendable simplicity,  desirable  accuracy,  and  judicious  flexibility  of 
application.  I  agree  with  several  recent  clinical  authors  that  it  is 
much  wiser  to  refer  physical  data  to  bony  anatomic  landmarks,  such 
as  given  just  previously,  using  measurements  at  times;  and  to  divide 
the  chest  into  regions  corresponding  only  or  principally  to  natural  or 
anatomical  outlines.  Nevertheless,  it  so  happens  that  most  of  the 
arbitrarily  divided  regions  are  really  appropriately  named  on  this 
basis.  Hence,  and  in  order  that  the  student  may  have  an  intelligent 
acquaintance  with  the  designated  areas  as  still  widely  used  in  medical 
literature,  they  are  given  here  with  sufficient  fulness.  The  lines 
auxiliary  to  a  description  of  these  regions  are  given  first. 

ARBITRARY  LINES  AS  LANDMARKS 

These  are  to  be  used  rather  as  guide  lines  of  reference,  therefore, 
and  not  for  a  rigid  sort  of  geometric  mapping  out  of  the  thoracic 
surface.  The  natural  folds  and  furrows  and  fulnesses  are  simpler 
and  practically  sufficient  as  boundary  lines.  For  determining  points 
of  height,  however,  the  clavicle,  ribs,  and  vertebral  spines  are  better 
than  the  seven  or  more  imaginary  horizontal  or  latitudinal  lines 
usually  drawn.  For  determining  the  breadth,  certain  vertical  or 
longitudinal  lines  are  often  useful  and  commonly  used  as  reference 
lines  in  recording  and  describing  physical  signs  and  measurements 
of  localization. 
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These  vertical  lines  are  as  follows: 

Anteriorly,   (1)   The  mcsosivrnal  {middcrnal)  line,  the  middle  line 

of  the  sternum. 

(2)  Tlie  sternal  lines,  right  and  left,  corresponding  to 
the  side  margins  of  the  sternum. 

(3)  The  parasternal  lines,  midway  between  the  sternal 
and  the  next,  or 

(4)  The  mammUUirti  lines,  passing  through  the  nipples. 
Laterally,      (5)   The  anterior  axillary  lines,  through  the  points  where 

the  great  pectoral  muscles  leave  the  chest,  when  the 
arms  are  raised  to  the  horizontal. 

(6)  The  mesoaxil J anj  {mulaxiUary)  lines,  drawn  through 
the  middle  of  the  axilla,  or  midway  between  the  an- 
terior and 

(7)  The  posterior  axillary  lines,  running  through  the 
])oints  where  the  latissimus  dorsi  muscles  leave  the 
chest. 

Posteriorly,  (8)   The  scapular   lines,    passing   through   the   inferior 

angles  of  the  scapuhe. 
(9)   The  jnesospinal  (midspinal)  line,  through  the  ver- 
tebral spines. 

Of  these,  l)y  far  the  most  important  practically  are  the  mesostcmal 
line,  the  mammillary  line  on  either  side  when  it  coincides  with  a  line 
passing  through  the  center  of  the  clavi(;le  {mesoclavicular  or  midcla- 
vicular  line),  the  mesoaxillary  lines,  and  the  mesospinal  line. 

The  vertical  nipple  lines  arc  not  always  reliable  lines  of  reference 
because  of  the  variability  of  the  position  of  the  nipj)le,  especially  in 
wo7nc7i,  though  by  no  means  constant  in  7nen ;  hence,  owing  to  the 
fixed  position  of  the  clavicle,  the  mesoelavicular  line  is  more  depend- 
able, whiirh,  in  the  majority  of  individuals,  nevertheless,  does  coincide 
with  the  mammillary  line;  therefore  the  frequent  use  of  the  latter 
term  in  practise. 

REGIONS 

ANTEKIOR   ASPECT 

(1)  Starting  abov«»  and  in  the  middle,  the  first  space  noticed  is 
the  suprasternal  depression  or  region,  just  above  the  suprasternal 
notch,  and  bounded  laterallv  1)V  the  inner  borders  of  the  sternomastoid 
muscles. 
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Relational  Asatouy. — The  suprai^temal  region  is  occupied 
mainly  by  the  trachea;  pathologically  it  may  be  encroached  upon  by 

an  aneurisiual  dilation  of  the  aortic  arch. 

( 2 )  Supraclavicnlar  Begiooa. — These  triangular  spaces  are  dirrelly 
above  the  clavicles  (inner  two-lhirds),  bounded  anteriorly  by  the 
stern omasto ids  and  posterolateral !y  by  the  trapezius  muscle  Iwrders. 

Rklational  Anatomv. — Beneath  these  regions,  on  either  side, 
are  the  lung  npiccji  (Inward  the  inner  thirds  of  the  clavicles),  portions 


Fio.  I. — SliowiMl  THE  Tarti 


of  the  subclavian  and  carotid  arteries,  and  of  the  subclavian  and  jugu- 
lar veins.  The  apex  of  the  lung  may  rise  from  one-half  to  one  and 
three-fourths  inches  above  the  upper  clavicular  border;  the  left  apex 
is  more  frequently  a  little  higher  than  the  right.  The  first  rib  forms 
a  part  of  the  fi<.>'ir  of  this  region.  Just  above  the  inner  portion  of 
the  clavicle  the  subclavian  artery  pulsations  may  l>e  felt. 

(3)  Clavicular  Begion. — This  represents  practically  the  margins 
of  the  inner  two-thirds  of  the  clavicle. 

Relational  Anatomy. — Behind  it  is  the  lung  apex  on  either 
side.     On  the  right  side,  at  the  aternal  articulation,  lies  the  bifurca- 
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tion  of  the  innominate  artery  and,  more  externally,  the  subclavian 
artery.  On  the  left  side,  the  carotid  and  subclavian  arteries  lie  more 
deeply. 

(4)  Infraclavicular  Eegions. — Situated  just  below  the  clavicles, 
these  spaces  have  no  distinct  lower  boundaries,  though  somewhat 
naturally  ending  where  the  upper  borders  of  the  mammary  glands 
begin — i.  e.,  at  the  third  rib  level.  Internally  they  are  bounded  by 
the  borders  of  the  sternum,  and  externally  by  a  vertical  line  passing 
through  the  "acromial  angle"  (formed  by  the  clavicle  and  the  head 
of  the  humerus).  Murenheiins  depression  is  felt  in  this  angle,  and 
is  sometimes,  though  not  commonly,  used  as  a  reference  in  the  local- 
ization of  physical  signs.  Sibso7i's  furrow,  also,  may  be  used.  It 
represents  the  lower  border  of  the  pectoralis  major. 

Relational  Anatomy. — Besides  the  upper  lobes  of  the  lungs, 
the  infraclavicular  fossa?  contain  the  following:  on  the  right  side, 
close  to  the  sternal  border,  lie  the  superior  vena  cava  and  a  part  of 
the  aortic  arch,  while  the  right  bronchus  is  directly  behind  the  second 
costal  cartilage;  on  the  left  side,  the  pulmonary  artery  (edge  of  the 
sternum),  left  auricle — second  interspace,  behind  the  lung — and  left 
bronchus  are  situated,  the  last  named  a  little  below  the  second  costal 
cartilage. 

(5)  Mammary  Eegions. — Extending  from  the  third  to  the  sixth 
ribs,  as  do  the  glands  because  of  which  these  areas  are  named,  they 
are  also  bounded  internally  and  externally  as  those  preceding.  The 
nipples  have  already  been  described  as  landmarks. 

Hklatioxal  Anatomy. — The  contents  dilfer  materially  on  the 
two  sides  as  related  to  these  regions.  On  the  rir/ht  side  are  the  lung, 
dome  of  the  liver,  right  l)order  of  the  heart,  and  diaphragm.  The 
lung  lies  superficially  throughout  this  region,  its  lower  edge,  in  fact, 
corresponding  to  the  lower  boundary  (sixth  rib)  of  the  region.  The 
deeply  situated  right  wing  of  the  diaphragm  and  right  lobe  of  the 
liver  rise  to  the  level  of  the  fourth  interspace.  The  fissure  between 
th(^  uj)per  and  middle  lobes  of  the  lung  passes  obliquely  upward  and 
l>ackward  from  about  the  fourth  cartilage;  that  between  the  middle 
and  low(?r  in  tlu;  same  direction  from  the  fifth  interspace.  A  portion 
of  th(»  right  auricle  and  right  venlricl(\  covered  by  lung,  lie  close  to 
the  sternum,  extending  very  little  from  behind  ils  right  border,  be- 
tween the  third  and  sixth  costal  cartilages. 

On  the  left  side  the  mammary  region  is  oecu])ied  mainly  by  the 
heart,  partly  coviM'ed  by  lung,  the  anterior  edg(»  of  which  passes  ob- 
li(juely  downward  and  outward  from  about  the  level  of  the  fourth 
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cartilage  to  the  fifth  rib,  thence  curving  somewhat  inward  and  down- 
ward to  the  sixth  rib,  within  the  vertical  midclavicular  line.  The 
quadrilateral  free  space  thus  left  is  directly  over  the  right  ventricle. 
A  portion  of  the  right  auricle,  and  the  deeply  seated  left  auricle  and 
ventricle  (apex  in  the  fifth  interspace  inside  the  midclavicular  line), 
also  occupy  this  region.  The  anterior  end  of  the  fissure  between  the 
upper  and  lower  lobes  of  the  left  lung  lies  behind  the  sixth  rib  in  the 
vertical  nipple  line. 

((5)  Inframammary  Eegions. — These  naturally  extend  downward 
from  the  sixth  ribs  to  the  edges  of  the  false  ribs;  laterally,  from  the 
prolonged  outer  border  of  the  mammary  region  to  the  sternum  at 
the  epigastric  angle  or  top  of  the  costal  arch. 

Relational  Anatomy. — On  the  right  side,  the  liver,  covered  by 
the  diaphragm,  and  during  deep  inspiration  encroached  upon  by 
the  lower  border  of  the  lung  in  the  sixth  or  seventh  interspaces,  are  in 
relation.  Normal Iv,  the  lower  border  of  the  liver  coincides  with  the 
costal  edge  of  the  thorax,  in  the  midclavicular  line,  before  reaching 
obliquely  upward  and  to  the  left  in  crossing  the  median  line  at  a 
point  less  than  halfway  downward  between  the  ensiform  cartilage 
and  the  navel.  On  the  left  side,  the  lower  edge  of  lung  extends  in 
the  upper  and  outer  portion  of  this  region  during  full  inspiration. 
The  left  lobe  of  the  liver  occupies  the  inner  part,  lying  in  front  of 
the  stomach  (cardiac  end). 

Although  the  epigastric  region  lies  between  the  inframammary 
regions,  wuthin  the  borders  of  the  costal  arch,  its  relational  anatomy 
is  properly  a  part  of  abdominal  topography  and  physical  diagnosis, 
and  will  be  considered  under  that  head. 

(T)  Superior  Sternal  Eegion. — Anatomically,  this  corresponds  to 
the  borders  of  the  manubrium,  although  most  authors  extend  it  below 
the  angle  of  Louis  (the  junction  landmark  with  the  body  of  the 
sternum)  to  the  dividing  line  between  the  infraclavicular  and  mam- 
mary regions  on  a  level  with  the  third  costal  cartilages. 

Relational  Anatomy. — Here  are  found  the  inner  edges  of  the 
lungs  below  the  level  of  the  second  costal  cartilages;  the  bifurcation 
of  the  trachea  opposite  the  angle  of  Louis;  the  aortic  arch  (ascending 
and  transverse  portions)  and  pulmonary  artery,  with  their  respective 
valves;  the  left  innominate  vein,  and  a  part  of  the  descending  vena 
cava. 

(8)  Inferior  Sternal  Eegion. — Corresponding  to  the  remainder 
of  the  sternum,  this  region  contains  the  edge  of  the  right  lung  de- 
scending vertically  along  the  middle  line,  and  at  its  upper  part  a 
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small  portion  of  the  loft  lung;  a  major  part  of  the  right  ventricle 
and  origin  of  the  jmhnonary  artery;  a  small  part  of  the  left  ventricle 
behind,  with  the  origin  of  the  aorta;  a  part  of  the  right  auricle,  of 
the  liver,  and  of  the  jKiricardial  attachment  of  the  diaphragm. 

LATERAL  ASPECTS 

(9)  Axillary  Eegions. — These  extend  from  the  points  of  the 
axilla)  above  to  the  level  of  the  lower  borders  of  the  mammary  re- 
gions below  (sixth  rib  anteriorly) ;  anteriorly  and  posteriorly  by  lines 
drawn  through  the  insertions  of  the  anterior  and  posterior  folds  of 
the  axilla?  (where  the  pectoralis  major  and  latissimus  dorsi  muscles 
leave  the  thorax),  as  seen  when  the  arms  are  raised  sidewise  to  the 
horizontal  (anterior  and  posterior  axillary  lines). 

Kelatioxal  Anato:my. — On  both  sides  are  lung  tissue,  and, 
deeper,  the  bronchi  and  larger  bronchial  branches. 

(10)  Infra-axillary  Eegions. — They  are  bounded  above  by  the  ax- 
illary regions;  below,  by  the  margins  of  the  false  ribs;  anteriorly,  by 
the  external  boundary  of  tlie  inframammary  regions;  posteriorly,  by 
the  infrascapuhir  regions  (at  the  posterior  axillary  lines). 

Relational  Anatomy. — On  the  rufht  side,  the  lung  with  its  lower 
border  sloping  downward  and  backward  to  the  eighth  rib  in  the  mid- 
axillarv  line,  and  below,  to  nearly  the  edge  of  the  thorax,  the  liver, 
are  contained.  On  Uw,  Jrfl  side,  in  addition  to  the  similarly  placed 
lung,  are  the  stoniaeli  and  spk*en. 

POSTERIOR  Aspixrr 

(11)  Suprascapular  Regions. — Tiie  boundaries  are  those  of  the 
small,  ciivuniscrihed,  llatlened  areas  immediately  above  the  scapular 
sj)ines,  and  limited  above  hy  the  iionlers  of  the  trapezius  muscles. 
They  correspond  lo  (iu*  sii]>rji-|)in()iis  fossie  of  the  shoulder  blades. 

Kklational  Anatomy. — The  apiees  of  the  lungs  are  in  relation 
here,  which  marks  these  regions  of  great  importance  in  the  detection 
of  incipient  tul^Mvulosis. 

(12)  Scapular  Regions. — They  corresjxmd  to  the  outlines  and 
s])aces  of  the  infra.<j)i7ioiis  fossie  of  the  seaj)ula\ 

liELATioxAL  Ana'I'o.my. — Luug  tissuc  and  the  main  lobar  fissures 
are  opposite  these  regions. 

(V\)  Infrascapular  Regions. — Tiiey  are  bounded  above  by  the 
level  of  the  inferior  angles  of  the  scapular  bones;  below,  by  the  edge 
of  the  thorax;  posteriorly  (inside),  by  the  dorsal  spines  below  the 
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seventh  Tcrtebra;  anterolaterally  (onteide),  by  the  posterior  liorders 
of  the  infra-aiUlary  regions — at  tlie  vertical  linen  through  the  points 
at  wfiich  the  latiBsimi  dorsi  musclea  leave  the  chest. 

Relational  Anatomy.^ — .Tust  below  the  surface,  on  both  sides, 
urc  thf  limgs,  their  borders  extending  iiciwniviird  as  Tar  a*  the  eleventh 
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ribs.  On  the  right  side,  below  the  lung  Imrder,  liea  the  unmvurwl 
narrow  strip  of  liver,  and,  close  to  the  spine,  Ihc  upper  portion  of 
the  righi  kidney.  On  the  !rft  side,  from  the  backbone  outward,  arc 
aorta,  kidney,  inu-liiie,  iind  spleen. 

(14)  IntencapBlar  Re^on. — This  occupies  the  ^pat*  In-twcon  the 
fhoulder  blades,  and  from  the  second  to  the  seventh  dorsal  npinoi— 
the  latter  at  the  level  of  the  inferior  anglen  of  Ihe  ocapnlic 

Relational  Asatoiiy. — On  Itoth  Mdes  this  n^gion  pnntainit  lung 
substance,  the  main  bronchi   (bifurcation  at  the  fourth  doreal  vt•^l^^ 
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seventh  vertebra;  antprolaternlly  (outside),  tiy  the  posterior  borders 
of  the  infra-ax i  11  arj'  regionif — at  the  vertical  linee  through  the  points 
at  which  the  latiBsimi  dorsi  muscles  leave  the  chest. 

Relational  Axatomy. — Just  Iwlow  the  surface,  on  both  eides, 
are  the  lungs,  their  borders  extending  downward  as  far  as  the  eleventh 


ribs.  On  the  right  side,  below  the  lung  border,  lies  the  uncovered 
narrow  strip  of  liver,  and,  close  to  the  spine,  the  upper  portion  of 
the  right  kidney.  (Jn  the  /(■/(  side,  from  the  backbone  outward,  are 
aorta,  kidney,  inlcstiiie.  mid  t^plecn. 

(14)  Interscapular  Region. — This  occupies  the  space  between  the 
shoulder  blades,  and  from  the  second  to  the  seventh  dorsal  spines — 
the  latter  at  the  level  of  the  inferior  angles  of  the  scapulse. 

Rel-\tional  An.\tomy. — On  both  sides  this  region  contains  lung 
substance,  the  main  bronchi  (bifurcation  at  the  fourth  dorsal  verte- 
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bra),  and  the  bronchial  glands.  On  the  left  side  it  also  contains  the 
d(\scending  aorta  (from  the  third  or  fourth  dorsal  vertebra),  esopha- 
gus, and  thoracic  duct. 


RELATIONAL   ANATOMY   (LANDMARKS)    OF 

THE    LUNGS 

Before  taking  up  the  pliysical  methods  of  examining  the  lungs, 
it  is  nc(Mlful  to  know  certain  definite  facts  in  connection  with  the 
surfa(!e  relations  of  the  boundaries,  limits,  fissures,  and  lobes  of  the 
lungs;  and  also  points  Ijearing  upon  the  position  and  extent  of  the 
pleural  sacs.  There  are  inii)ortant  difterences  between  the  two  sides, 
although  on  both  sides  the  lungs  are  everywhere  in  contact  with  the 
thoracic  wall,  except  in  the  neighborhood  of  the  heart  and  behind 
a  small  ])()rtion  of  the  ii})per  part  of  the  sternum,  and  they  both 
reach  from  their  aj)ices  to  the  sixth  ribs  in  front  and  to  the  tenth 
behind. 

Eight  Lung  (see  accom])anying  figures). — ^Upper  Limit:  The 
apex  projects  into  the  su[)rairlavicular  region  from  three-fourths  to 
one  and  three-fourth  inches  ('3  to  5  cm.)  above  the  clavicle,  in  front; 
behind,  as  high  as  tlie  levfl  of  the  sm'enth  cervical  spinous  process. 

^Ikdian  Limit:  Somewhat  to  the  left  of  the  median  line  of  the 
stcM'nuiii,  beliind  tlu^  angle  of  Louis,  to  wliich  landmark  the  anterior 
border  couvergt.^s  (downwanl,  forward,  and  inward)  from  the  apex. 
It  coniinnes  tlnis  to  tlu*  fourtli  cliondral  level,  then  gently  outward 
and  downward  to  the  sternal  insertion  of  the  sixth  costal  cartilage, 
whence  it  parses  more  al»ru])lly  outward  to  the 

L()Wi:i{  Li.Mi'i':  'Vhr  iiow  lower  border  here  follows  the  sixth  rib 
to  the  niamuiillarv  liiie,  then  iiearlv  liorizontallv  backward  intersects 
tlie  eigiith  rib  in  tlie  middle  axillary  line,  the  tenth  rib  in  the  scapular 
line,  and  reaches  the  level  of  the  eleventh  dorsal  spine  near  the  verte- 
bral column. 

PosTi.iMOK  LniiT:  This  corresponds  to  the  vertebral  border,  run- 
nin;r  nearly  parallel  to  the  spiiu?  from  tin*  latter  limit  to  the  apex 
just  below  the  border  of  the  tra[)exius  in  front.  Practically,  it  has 
been  cu-tomary  for  me  to  indicate,  as  an  aid  to  memory,  the  even 
numbers  of  tb<'  rib-  pasMv],  a-  follow-^:  second,  fourth,  sixth  ribs 
(front ),  eighth  rib  (side),  tenth  rib  (hack). 

Left  Lung. — The  limits  are  relatively  the  same,  except  that  the 
left  apex  is  apt  to  rise  a  tritle  highei',  and  the  inferior  border  to 
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reach  a  trifle  lower,  than  tlie  right.  The  only  important,  and  at  the 
same  time  characteristic,  difference  ia  in  Ihe  notchlike  couive  of  the 
anterior  border  between  the  fourth  and  iiflh  ribs  directly  over  the 
right  ventricle  of  the  heart.  From  the  sternal  end  of  the  fourth 
cartilage  this  border  curves  sharply  outward  and  downward  hehind  the 
fourth  interspace  to  a  little  beyond  the  parnsternal  line,  then  slightly 
inward  to  the  fifth  interspaee,  and  again  tending  abruptly  downward 
and  outward  to  cross  under  the  sixth  rib  in  the  nmnimillary  line,  as  on 
the  right  side:  the  liugula  of  the  lung,  so-called,  ia  thus  formed. 

PiMnres  of  the  Lung:*.— A  knowledge  of  the  fissures — (heir  land- 
marks— though  of  secondary  imporlanee,  is  sufBciently  nei.flfu!  bo- 
cause  of  the  lobes  into  which 
they  divide  the  lungs.  This 
is  especially  true  in  cases  of 
lobar  pneumonia,  where  the 
limitation  or  progress  of 
the  disease  to  one  or  more 
lolies  may  thus  he  recog- 
nized by  the  boundary  rela- 
tions of  the  physical  signs. 

Fissures  of  tiieKiout 
Lvsa.— The  Long  or  Great- 
er Finsure. — It  separates  Ihc 
middle  and  upper  IoIk's  from 
the  lower.  Its  starting-point 
posteriorly  is  at  the  verte- 
bral border  of  the  lung  at 
about  the  level  of  the  inner 
end  of  the  spine  of  the  scap- 
ula (thin!  dorsal  vertebra). 
Its  din-ction  is  ob!ii]uely 
downward  and  forward,  passing  behind  the  fourth  rib  in  the  mid- 
axillary  line,  and  terminating  at  the  antero-inferior  edge  of  the  lung 
at  the  sixth  rib  in  the  niammillary  line. 

The.  short  or  lesser  fissure  liranches  off  from  the  preceding  at 
or  near  the  outer  border  of  the  scapula  and  third  interspace,  and 
passes  nearly  horizonlnlly  forward,  and  ends  at  the  anterior  edge  of 
the  lung  under  the  fourth-rib  insertion,  thus  dividing  the  upper  from 
the  middle  lobe, 

FissrnE  of  the  Left  Lckq. — This  one  fissure,  separating  the 
upper  from  the  lower  lobe,  starts,  courses  in  the  same  direction,  and 
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terminates  with  the  same  anatomic  surface  relations  as  the  greater 
fissure  on  the  right  side — i.  e.,  posteriorly,  third  dorsal  vertebra ;  lat- 
erally {axilla),  fourth  rib;  anteriorly,  sixth  rib. 

Lobes  of  the  Longs. — The  position  of  the  lobes  is  therefore  as 
follows:  generally  stated,  the  upper  lobes  present  mainly  in  front. 


(Hmlrr.) 


iind  llic  lower  lobes  behind,  ilnre  spceifieally :  Antiuiiorly,  on  the 
rifrht  side  hi'  luivo  upper  lobe  as  far  down  as  the  fourth  rib;  from 
Ihere  down  to  tlio  r^i.xlh  rib.  llio  uiiddlc  lobe;  on  the  left  wide,  upper 
lube  |)rti(-tieiilly  iiloiw.  Ij.vrKUALT.v,  at  ibo  rifrhl,  parts  of  the  upper, 
iiiiihlk^.  and  lower  lob(s:  on  llie  lefl  side.  [H>rti<)n  of  upper  lobe  (to 
fourth  rib),  an.l  lower  Mie  downward  to  ei;:bth  rib.  Posteriorly, 
oil  liotli  sides,  up)>er  lobe  (ajiioes)  as  far  as  the  scapular  spines,  below 
which  the  rest  is  lower  lobe. 


RELATIONAL    ANATOMY    OF    THE    PLEURAL    SACS 
IPLEUR^E) 

111  ipiiel  res|iirnlinu  llie  borders  of  liie  luni;s  do  not  coincide  with 
ihu  liiiiil>  111'  llie  |ib>iiriil  sacs,  thoiigli  tlieir  boiind;iries  correspond 
most  closelv  aiori^  the  aTiterior  ed^'es  of  the  lunjrs  down  to  the  fourth 
ribs.     lUil  along  llie  lower  borders  of  the  lungs  and  at  the  cardiac 
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notch  on  the  left  side  below  the  fourth  rib  the  pleural  spaces  extend 
some  distance  beyond  the  former;  here  these  spaces  are  termed  the 
complemental  pleural  sinuses.  With  deep  inspiration  the  lungs  may 
expand  sufficiently  to  fill  the  complemental  pleural  spaces.  Their  size 
depends  upon  the  form  and  development  of  the  lungs  and  thorax. 
The  largest  space  is  below  the  inferior  borders  of  the  lungs  in  the 
infra-axillary  regions,  the  height  being  as  much  as  three  and  one-half 
inches  (10  cm.).  In  the  mamraillary  and  scapular  lines  the  distance 
is  from  one  and  one-half  to  two  inches  (4  to  5  cm.). 


ADDITIONAL   ANATOMIC    LANDMARKS 

The  bifurcation  of  the  trachea,  it  should  be  remembered,  is  at 
the  level  of  the  angle  of  I^ouis,  or  second  costal  cartilage,  and  of  the 
disk  between  the  third  and  fourth  dorsal  vertobne. 

Primary  Bronchi. — Tlic  right  bronchus  is  larger  in  caliber  than 
the  left,  shorter  in  length,  more  horizontal  in  direction,  and  lies  under 
the  second  rib,  whereas  the  left  lies  under  the  second  interspace.  The 
proximity  of  the  right  bronchus  and  its  main  branch  to  the  upper 
lobe  has  important  bearing  upon  certain  auscultatory  phenomena  over 
this  region,  as  will  be  referred  to  later. 

The  surface  relations  of  the  lungs  to  such  organs  as  the  heart, 
liver,  spleen,  and  stomach,  which  are  partly  covered  by  the  lungs, 
will  be  pointed  out  as  their  relations  with  each  other  are  developed 
according  to  the  pathologic  conditions  affecting  them. 

Supplemental  to  the  preceding,  it  should  be  noted  that  the  summit 
of  the  diaphragm  is  as  high  as  the  level  of  the  fourth  rib  on  the 
right  side  (about  an  interspace  higher  than  on  the  left),  the  inferior 
surface  of  the  lung  capping  it,  and  extending  outward  and  downward 
to  a  wedge-shaped  edge  at  the  sixth  rib  in  the  mammillary  line,  etc. 


CHAPTER    II 

INSPECTION 

Definition. — Inspection  is  the  act  of  looking  intelligently  and 
attentively,  and  is  naturally  the  first  method  in  examining  a  patient's 
chest,  and  by  it  the  physical  evidences  of  thoracic  disease  are  obtained 
with  more  or  less  clearness,  directness,  and  positiveness.  In  fact, 
the  student  should  avoid  neglecting  or  slighting  this  old  and  simple 
method  because  of  the  attractiveness  of  the  more  modem,  but  more 
difficult  and  involved,  if  precise  and  penetrating,  methods  of  per- 
cussion and  auscultation.  Undue  haste  and  self-confidence  on  the 
part  of  the  examiner,  and  false  modesty  or  a  stubborn  fastidiousness 
on  the  part  of  the  patient  may,  of  course,  tend  to  develop  the  per- 
nicious habit  of  lack  of  thoroughness  in  omitting  a  careful  and  com- 
plete ocular  examination. 

Method  of  Procedure. — Xo  chest  can  be  inspected  unless  it  be 
exposed.  As  most  of  the  regions  of  the  thorax,  as  well  as  the  appear- 
ances of  the  thorax  in  its  entirety,  must  l)e  noted  in  any  proper 
examination  of  the  thoracic  organs,  it  is  usually  necessary  to  have 
the  patient  stripped  to  the  waist,  whether  standing,  sitting,  or  lying. 
Of  eourse,  cireu instances  may  freciuently  arise  to  modify  this  prin- 
ci])le.  Tims,  in  examining  females  a  sense  of  propriety,  or  with  the 
very  delieattj  and  sensitive  physically,  or  the  very  ill,  a  motive  of 
precaution  will  suggest  the  exposure  of  one  aspect  of  the  chest,  or  its 
greater  portion,  at  one  time.  Again,  after  the  seat  of  disease  has 
been  detected  by  a  thorough  examination,  it  is  often  sufficient  at 
subse(juent  meetings  to  limit  the  examinations  to  this  locality. 

A  good,  steady,  white  light  (preferably  daylight)  is  of  first  im- 
portance. The  ])atient  should  lie,  stand,  or  sit  on  a  perfectly  even 
plane;  the  position  should  be  (juite  comfortable,  relaxed  and  easy, 
the  arms  allowed  to  hang  loosely  by  the  side.  The  sitting  or  standing 
postures  should  be  seleetcMl  whenever  possil>le.  As  a  rule,  the  light 
should  fall  din^etly  and  symmetrieally  u[)()n  the  surface  to  be  exam- 
ined, the  examiner  standing  with  baek  to  the  light.  A  side  or  slant- 
SB 
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ing  light  falling  obliquely  upon  the  surface  examined  by  turning  the 
patient  or  moving  the  source  of  illumination  is  often  advisable,  how- 
ever; abnormal  bulgings  and  depressions,  and  the  moving  shadows 
of  abnormal  pulsations,  are  thus  readily  detected,  whose  diagnostic 
importance  may  be  considerable.  Inspection  should  be  practised  an- 
teriorly, posteriorly,  laterally  (the  arms  being  raised),  and  superiorly; 
the  latter,  by  standing  behind  or  alongside  the  patient,  enables  the 
physician  to  estimate  approximately  the  anteroposterior  diameter  of 
the  chest,  its  outline  on  an  imaginary  horizontal  section,  and  further 
accentuate  any  general  or  eircumscril)ed  abnormalities  of  size,  contour, 
or  movement.  The  patient's  body  and  members  should  be  quiet,  the 
breathing  easy  and  uninterrupted  by  conversation.  Always,  observa- 
tion should  be  comparative;  that  is,  both  sides  habitually  compared 
generally  and  in  respect  to  corresponding  regions.  In  the  compari- 
son, allowances  must  be  made  for  the  obviously  natural  differences, 
as  of  greater  muscular  development  on  one  side,  and  for  certain 
physical  and  accidental  irregularities  that  may  be  peculiar  to  each 
individual  examined. 

We  begin  with  the  visible  characteristics  of  structure  and  move- 
ment of  the  normal  thorax,  in  order  that  the  ])hysical  evidences  of 
thoracic  disease  may  more  surely  be  discriminated. 


THE    NORMAL   THORAX 

The  ability  to  recognize  the  normal  thorax  distinctly  and  readily 
depends  upon  one's  general  observation  and  clinical  experience;  in 
familiarity  with  the  proportions,  forms,  and  movements  of  the  bared 
chests  of  athletes,  swimmers,  laborers,  and  others  of  manifestly  aver- 
age health  and  physical  development,  including  patients  examined 
while  consulting  for  ailments  other  than  thoracic,  or  for  slight  or 
obscure  chest  troubles  without  external  physical  alterations. 

Perfect  symmetry  of  chest  is  rarely  found.  The  regularly  con- 
structed and  well-nourished  chest  of  the  adult  male,  viewed  anteriorly, 
and  exclusive  of  its  shoulder  girdle,  is  conoidal  in  shape,  having  the 
smaller  end  uppermost;  with  the  shoulder  attachments,  however,  the 
chest  appears  larger  at  the  level  of  the  axilla  than  at  the  ensiform 
cartilage ;  the  two  sides  are  both  generally  and  regionally  symmetrical ; 
the  clavicles  are  slightly  prominent,  and  the  supra-  and  infraclavicular 
depressions  slightly  noticeable ;  there  are  small  depressions,  one  above 
the  suprasternal  notch  between  the  inner  ends  of  the  clavicles  and  one 
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(infrastemal)  over  the  xiphoid  process;  the  intercostal  spaces  are 
visible  only  at  the  lower  and  lateral  ribs;  the  sternum  in  profile  is 
nearly  straight;  the  angle  of  Louis  (formed  by  the  union  of  the 
manubrium  and  gladiolus  of  the  sternum)  is  slightly  but  distinctly 
marked  at  the  landmark  level  of  the  junction  of  the  second  rib;  the 
sternovertebral  (anteroposterior)  diameter  is  obviously  a  little  shorter 
than  the  transverse  (about  one-fourth  less:  s(^  Mensuration),  the 
shape  of  a  transverse  section  being  elliptoid;  the  ribs  so  leave  the 
sternum  that  from  above  downward  their  course  changes  gradually 
from  the  horizontal  to  a  decided  obliquity,  the  coalesced  costal  car- 
tilages of  both  sides  forming  at  the  xiphoid  nearly  a  right  angle 
{epigastric  or  suhcostal  angle) ;  posteriorly,  the  scapulae  lie  flat  upon 
the  thorax,  in  the  upright  position,  and  are  so  highly  placed  that  the 
shoulders  stand  out  nearly  horizontal  from  the  neck;  the  spine  is 
straight  or  but  very  slightly  curved  to  the  right  at  mid-back,  and  the 
vertebral  sulcus  more  or  less  deep,  according  to  the  fatness  or  thin- 
ness of  the  individual. 

Although  this  ideal  form  of  thorax  is  seldom  met  with,  the  devia- 
tions about  to  be  mentioned  commonly  occur  in  persons  of  sound 
general  health  and  thoracic  organs.  These  compatible  irregularities, 
or  "physiological  hotoromorphisms '^ — departures  (M.  Woillez) — are 
})rin('ipally  as  follows:  {rongrnUal)  a  form  of  thorax  with  shallow 
upper  but  gradually  wider  and  deeper  lower  zone;  a  shorter  thorax 
with,  at  the  same  time,  acute  epigastric  angle;  marked  prominence 
of  the  clavicles,  willi  deopened  supraclavicular  spaces  on  both  sides 
(relative);  inarkcMl  an<rlo  of  Louis;  greater  prominence  of  one  or 
several  ribs,  especially  the  second,  third,  and  fourlli,  in  front,  with 
increased  curvature,  or  tlie  lower  ri])S  may  be  pressed  in  and  flattened; 
fmally,  we  sometimes  find  tlie  ensiforni  cartilaire  ])rojecling  decidedly 
forward  or  backward;  {((((jiiirriJ)  tlie  ri^lit  side  may  be  larger  than 
the  left,  owin^  lo  greater  muscular  development,  as  in  brakemen, 
blacksmiths,  and  carpenters;  one  slumlder  may  be  a  little  lower  than 
the  other,  and  the  dorsal  sj)in(»  curved  slightly,  usually  to  the  right, 
as  in  journalists,  litterateurs,  cbM'ks,  tailors,  liod-carricrs,  and  the 
like.  Again,  then*  may  be  slight  dilFerences  in  the  relations  between 
the  natural  diameters  of  the  chest.  Partial  or  local  defects  of  svm- 
metry  are  also  discovered  due  to  ])revious  fractures  and  dislocations 
of  clavicles  and  ribs,  and  all  may  be  com])atible  with  perfectly  normal 
lungs  and  heart. 

Normal  Chest  Movements. — Whether  purposely  forced,  or  involun- 
tary and  quiet,  the  normal  breathing  movements  are  regular,  rhyth- 
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mical,  gradual,  and  symmetrical — quite  equal  and  even  on  both  sides. 
Observation  of  these  general  thoracic  movements  has  direct  reference 
to  the  inspiratory  and  expiratory  functions  of  the  lungs,  the  former 
characterized  by  a  simultaneous  expansion  and  elevation  of  the  thorax 
and  the  latter  by  a  simultaneous  retraction  and  depression ;  the  former 
active — that  is,  produced  by  diaphragmatic  and  intercostal  muscular 
action  principally;  the  latter  passive,  the  result  of  the  elasticity  of 
the  lungs,  the  weiglit  of  the  chest  wall,  and  the  resilient  pressure 
of  the  abdominal  organs  against  the  diaphragm. 

By  inspection  we  learn,  then,  the  size,  shape,  and  symmetry  of 
the  chest ;  the  rate  or  frequency  of  respiration  (more  often  an  objective 
symptom),  and  the  rhythm,  degree,  and  character  of  the  breathing 
movements  as  physical  signs. 

Types  of  Normal  Respiratory  Movement. — Before  describing 
the  preceding  features,  it  should  be  borne  in  mind  that  there  are  in 
health  two  types  of  respiration,  named  according  to  the  predominance 
of  either  one  of  the  two  larger  elements  seen  in  all  normal  respiratory 
action.  These  are  (1)  the  superior  thoracic  or  costal  type  and  (2) 
the  abdominal,  diaphragmatic,  or  inferior  costal  type.  Abdominal 
respiration  is  more  marked  in  men  and  in  children  of  both  sexes; 
superior  costal  respiration  in  women.  In  the  costal  type  of  breathing, 
the  upper  anterior  part  of  the  thorax  swells  out  more  fully  with  each 
inspiratory  enlargement;  the  lower  costal  and  ventral  movements  are 
comparatively  limited.  The  costo-ahdominal  or  diaphragmatic  type 
of  breathing — the  ordinary,  calm  breathing  of  adult  males — predom- 
inating, we  notice  the  characteristic  swelling  projection  of  the  abdo- 
men, especially  the  epigastrium,  simultaneous  with  the  general  expan- 
sion of  the  chest,  and  thus  produced  by  the  contraction  and  flattening 
of  the  diaphragm  pushing  the  intestines  against  the  belly  wall.  The 
preponderance  of  either  type  of  breathing  is  modified  somewhat  by 
the  following  influences:  Age,  determining  the  degree  of  flexibility 
of  the  bony  case,  permits  in  early  youth,  for  example,  greater  relative 
freedom  of  pectoral  movement  in  the  male,  also  more  general  action 
and  less  limitation  to  the  upper  regions  of  the  thorax  in  the  female; 
however,  the  marked  evidences  of  the  superior  costal  type  of  respira- 
tion, even  in  very  young  girls,  show  (as  do  those  of  the  abdominal 
type  in  boys)  the  fundamental  sexual  differences  of  heredity.  Again, 
in  aged  women,  with  firm  and  more  or  less  unyielding  thoracic  walls, 
the  abdominal  movements  are  increased.  During  sleep  the  costal 
breathing  is  more  pronounced  in  men  as  well  as  in  women;  this  ob- 
servation is  true  also  when  voluntary  forced  breathing  is  practised, 
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as  in  pinging;  indeed,  there  may  be  habitual  exaggeration  to  a  sligh 
degree  of  the  .upper  costal  action  in  professional  singers  even  duriuj 
(|uiet  breathing.  There  is  no  doubt  that  the  custom  of  wearing  tightb 
hiced  and  rigid  corsets  is  partly  resiK)nsible  for  the  excess  of  uppe 
cliest  movement  seen  in  most  women. 

In  regard  to  the  thoracic  breathing,  it  should  be  noted  that  th< 
diverging  movement  of  expansion,  with  increase  of  the  horizonta 
diameters,  is  visibly  more  decided  than  that  of  elevation  of  the  ribs 
but  that  the  energy  and  extent  of  both  are  directly  proportionate 
to  eat»h  other  under  all  circumstances  of  health.  The  movements  o: 
the  intercostal  spaces  are  distinguishable  according  to  the  thinnes; 
of  the  individual,  the  regions  observed,  and  the  force  of  the  breathing 
In  the  male,  the  interspaces  are  most  visible  in  the  infra-axillar 
regions;  in  the  female,  in  the  infraclavicular  regions.  They  an 
slightly  hollow  both  during  inspiration  and  expiration,  though  mon 
so  during  the  former,  and,  naturally,  markedly  so  in  forced  breathing 
Final ly,  the  Respirator}'  movements  may  be  altered  in  the  norma 
chest  by  posture.  Thus,  when  lying  on  one  side,  in  calm  breathing 
the  motion  of  that  side  is  interfered  with,  resulting  in  compensator 
exaggerated  movement  on  the  opposite  side.  The  fact  that  eithe 
the  costal  or  diaphragmatic  type  of  respiration  may  be  exaggeratc< 
in  certain  diseases  makes  it  important  1o  recognize  these  types  an< 
their  conditional  variations  in  health  in  order  that  the  pathologiea 
may  be  estiinat('(l  better. 

TiiK  DiAi'iiHAdMATK^  PiiKNOMKXOX  (Litteu's  Sign). — Inspectiol 
of  this   moving  indicator  (►f  tlie  action  of   the  diaphragm  require 

sjH'cial  consideration  becaus 
of  its  diagnostic  value.  Th 
sign  itself,  as  well  as  th 
method  of  observing  it,  wil 
be  understood  by  a  brief  am 
diagrammatic  reference  t 
the  anatomy  and  physiology 
of  the  diaphragm.  The  ac 
eonipanying  diagram  (fror 
C^i])ot)  will  aid  in  under 
standing  the  mechanism  o 
the  production  of  this  pho 
noinenon— a  moving  shadow.  As  at  the  piid  of  expiration  the  diaphragr 
lies  in  close  a]>i)osition  to  the  walls  of  the  thorax  from  the  sixth  rib  dowi 
to  its  attaehm(»nt,  during  inspiration  it  descends,  and,  separating  fror 
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the  ribs,  leaves  room  for  the  lung  to  descend  also.  This  "  peeling  off  " 
of  the  diaphragm  causes  a  shadowy,  wavelike  retraction  of  the  inter- 
costal spaces  of  the  lower  lateral  aspects  of  the  chest,  due  probably 
to  the  external  pressure  exceeding  the  intrapulmonary  at  the  begin- 
ning of  inspiration,  the  balance  of  pressure  being  restored  as  soon  as 
expansion  of  the  lung  is  completed.  Although  present  in  all  healthy 
individuals,  it  is  best  seen  in  those  who  are  thin  and  muscular.  The 
phenomenon  is  best  observed  in  the  following  manner:  the  patient 

• 

lies  flat  on  his  back,  with  bared  chest,  and  face  looking  directly  toward 
a  window  or  strong  night  light,  the  head  being  slightly  elevated; 
side  lights  should  be  carefully  excluded.  The  observer  stands  at  a 
distance  of  a  few  feet  from  the  patient's  side,  with  back  to  the  light, 
and  views  at  an  angle  while  the  patient  takes  a  full,  deep  breath. 
With  the  beginning  of  inspiration  a  small,  narrow,  wavy  shadow  is 
seen  to  move  down  the  axilla  (on  either  side)  from  the  sixth  rib  or 
seventh  interspace  to  the  ninth  or  tenth  ribs,  or  even  to  the  borders 
of  the  ribs.  The  movement  of  the  shadow  in  normal  chests  is  about 
two  and  one-half  inches;  with  strongest  breathing,  about  one  inch 
more.  The  rising  movement  of  the  shadow  during  expiration  is  less 
distinctly  visible  than  the  falling,  inspiratory  one.  I  have  observed 
this  phenomenon  in  the  epigastrium  in  several  instances.  As  will  be 
pointed  out  later,  the  absence  of  this  sign  is  suggestive  of  certain 
affections  of  the  lungs  and  pleurae  that  interfere  with  the  action  of 
the  diaphragm. 

It  may  also  serve  as  an  index  of  a  person's  respiratory  capacity, 
according  to  the  measured  excursion  of  movement  as  compared  with 
the  general  chest  effort;  thus,  as  intimated  by  Cabot,  the  use  of  the 
spirometer,  as  well  as  of  the  X-rays,  in  observing  the  diaphragmatic 
movements  may  be  compensated  for  whenever  their  impracticability 
or  expensiveness  are  obstacles,  or,  as  often  happens,  when  they  are 
practically  unnecessary. 

Fkequency  of  Respiratory  Movements. — Though  not  strictly 
a  physical  sign  in  itself,  the  rapidity  of  breathing  is  so  closely  related 
to  pathologic  conditions  of  the  thorax  of  marked  physical  character- 
istics that  the  normal  rate  and  its  physiologic  variations  must  first 
be  noted.  In  healthy  adult  males  the  respiration  rate  is  from  16  to  22 
per  minute;  in  females  it  may  be  from  18  to  24;  in  children  of  five 
years,  about  20 ;  in  the  new-born  and  under  one  year,  about  44.  Be- 
sides age,  the  rapidity  of  the  respirations  may  be  influenced  by  other 
intrinsic  and  certain  external  conditions:  it  is  greater  in  walking, 
standing,  and  sitting  than  in  lying;  it  is  increased  after  meals,  and 
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with  bodily  exercise,  mental  activity,  and  emotional  excitemCTit.  It 
is  likewise  more  marked  in  spring  than  in  midsummer,  except  when 
excessive  heat  acts  upon  the  temperature  of  the  body ;  during  the  day 
than  at  night,  and  in  the  rarefied  atmosphere  of  elevated  regions  than 
in  the  lowlands.  As  the  frequency  of  the  respirations  may  be  altered 
subconsciously  in  persons  who  are  temperamentally  sensitive  while 
under  observation,  it  is  my  custom  to  count  the  breathings  before 
relinquishing  attention  to  the  pulse-rate  or  to  the  timing  of  the  ther- 
moinctcT.  Of  course,  during  sleep  a  more  correct  estimate  may  be 
obtained  in  many  cases.  The  epigastric  as  well  as  the  thoracic  rise 
and  fall  may  be  watched  in  counting  the  respirations,  and  aided 
often  by  applying  the  hand  or  by  noting  the  breath  sounds. 

XoKMAL  Kkspiratory  Khythm. — The  relative  duration  of  in- 
spiration to  expiration  in  quiet  breathing  is  visibly  about  equal; 
physiologically  and  more  precisely,  however,  the  ratio  is  about  as 
f)  to  7.  Insj)iration  begins  suddenly  and  advances  rapidly,  then 
slackens;  expiration  follows  so  closely  that  no  distinct  pause  is  per- 
ceptible between  it  and  inspiration;  expiration  begins  rapidly,  and 
slows  gradually  to  the  close.  The  pause  at  the  end  of  expiration 
is  more  observable  the  slower  the  respiration.  The  regularity 
of  the  successive  respirations  may  be  varied  normally  in  forced 
and  hurried  broathing,  in  which  the  inspiration  becomes  relatively 
sliortcT  in  duration.  In  children  the  rhythm  is  also  very  variable, 
whether  asleep  or  awake.  Pathologic  alterations  of  rhythm  are 
usually  assoeialed  with  the  physical  evidences  of  labored  breathing, 
or  (lysj)nea. 

The  DixJUKH  OF  NORMAL  RKSPiiLVTORY  EXPAXsiox  is  morc  precisely 
determined  by  mensuration  than  by  either  inspection  or  palpation. 
It  is  affected  in  general  by  the  degree  of  pulmonary  development 
and  exercise,  and  must  bo  ecjual  on  both  sides. 

Nutrition. — The  chest  in  health  shows  a  sufficient  amount  of  flesh 
and  subcutaneous  fat  so  that  the  clavicles,  ribs,  and  scapula?  are  nicely 
covered  and  not  too  prominent ;  nor,  on  the  other  hand,  that  the 
shallow  depressions  do  not  sink  in  too  much.  Emaciation  is  closely 
related  to  various  atTections  of  the  lungs  and  pleura*. 

MENSURATION 

{Thorarometrij,  Ct/rtornelrj/j  Spirometry,  etc.) 

It  seems  to  me  a  mistake  to  subordinate  the  relative  importance 
of  thoracic  measurements,  as  is  so  (^ommonly  done.    With  the  growing 
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adoption  of  diagnostic  methods  of  precision,  this  most  precise  one — 
mensuration — deserves  at  once  increasing  scientific  study  and  prac- 
tical application.  As  a  method  of  physical  examination  it  has  special 
value  to  those  physicians — and  they  are  becoming  numerous — who 
perform  the  responsible  and  exacting  duties  of  medical  examiners 
for  life-insurance  companies,  pension  boards,  railroad  corporations, 
and  the  like,  or  who  serve  as  physical  directors  to  the  various  edu- 
cational and  philanthropic  institutions  (Y.  M.  C.  A/s)  conducting 
well-equipped  and  modernly-managed  g}'mnasiums. 

As  the  results  obtained  by  inspection  are  so  intimately  related  to — 
being  confirmed  or  modified  by — those  derived  by  mensuration,  the 
latter  requires  consideration  at  this  point. 

The  object  of  measuring  the  chest  is  to  ascertain  more  accurately 
than  can  be  done  by  inspection  or  palpation  the  general  size  or  bulk 
and  shape,  the  comparative  size  and  shape  or  syinnictry  of  the  two 
sides,  the  relative  positions  of  different  parts  and  their  distances  from 
fixed  points,  with  the  thorax  at  rest,  and  to  determine  the  degree 
and  variations  in  the  bilateral,  unilateral,  or  local  expansion  and 
retraction  accompanying  the  movements  of  inspiration  and  ex- 
piration. 

Ordinarilv,  the  circumference  and  semicireu inference  of  the  chest 
are  measured  with  the  tape,  and  the  principal  diameters  with  the 
thoracometer  or  calipers  (such  as  obstetricians  use  for  pelvic  measure- 
ments). 

Thoracometry. — The  circumference  is  the  main  measurement, 
taken  usually  at  the  level  of  the  nipples  in  men,  or  a  little  above, 
at  the  third  costosternal  articulation,  just  at  the  upper  edge  of  the 
mammae,  especially  important  in  women.  Care  should  be  taken  that 
corsets  and  all  chest  coverings  except  a  light,  loose  undergarment 
are  removed,  the  body  in  a  resting,  easy,  upright  position,  and  that 
the  tape  is  horizontally  and  evenly  applied  around  the  thorax.  In 
this  way  the  general  size  and  degree  of  expansion  of  the  chest  are 
ascertained. 

The  average  circumference  in  men  (repose)  is  about  34.3  in. ;  in 
women,  30  in.  There  are  many  variations,  of  course,  in  healthy 
individuals  from  these  approximate  measurements,  depending  upon 
age,  height,  weight,  or  the  relation  to  the  development  of  the  rest 
of  the  body.    The  extremes  are  usually  between  27  and  44  in. 
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Tahle  showing  Size  of  Chest  in  Relation  to  Height  and  Weight. 
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Chest. 

Weiflrht 
(Btandard). 

Twenty  per  cent 
under  weight. 

Fbrty-flTe  per  cent 
over  weigfat. 

33    in. 

115  lbs. 

92    U»s. 

167    lbs. 

34     " 

120    " 

96      " 

174      " 

35     " 

125    " 

100      " 

181  i    ** 

36     " 

130    " 

104      ** 

188*    " 

36i  " 

135    " 

108      ** 

195      " 

37    " 

140    " 

112      " 

203     " 

37*  ** 

143    " 

114     »* 

207     " 

38    " 

145    " 

116      " 

210     " 

38*  " 

148    »* 

119i    " 

215      " 

39     " 

155    ** 

124      " 

224i    " 

39i  " 

160    ** 

128     " 

232      " 

40*  " 

165    " 

132      " 

239      '* 

41     " 

170    ** 

136      *• 

246      * 

41*  " 

175    " 

140     *» 

253     " 

42*  " 

180    " 

1 

144     ** 

260     " 

Bespiratory  Expansion. — This  important  incasureincnt  is  also 
taken  with  the  tape,  and  represents  the  difference  between  the  cir- 
cumference at  the  end  of  a  forced  inspiration  and  of  a  forced  expira- 
tion. During  cahn  respiration  the  circumferential  expansion  is  very 
slight — hardly  more  than  one-half  of  an  inch  in  a  well-developed  male 
adult.  Tlie  extremes  of  expansion  vary  normally  from  2  to  5  in.; 
the  average  in  men  is  about  3  in. ;  in  women,  2^  in.  An  applicant 
for  life-insurance  with  an  expansion  of  less  than  2  in.  is  likely  to 
be  rejected  as  an  unfavorable  risk.  It  should  be  borne  in  mind  that 
many  persons  with  heallhy  chests  are  often  unable  to  ])roduce  their 
fullest  expansion  owing  to  embarrassment  or  lack  of  coordinating 
power ;  on  the  other  hand,  some  less  robust  persons  who  are  practised 
in  deep  breathing  or  in  accessory  muscular  action  mtiy  easily  expand 
4  or  A\  in.,  while  certain  phenomenal  athletes  may  develop  as  much 
as  7  in.  of  expansitm.  The  amount  of  expansion  is  influenced  by 
posture,  being  least  in  recumbency,  more  in  sitting,  most  of  all  in 
the  erect,  standing  position.  Forced  breathing  has  no  more  effect 
upon  the  abdominal  ex])ansion  than  is  meiisural>le  around  the  thorax 
during  ordinary  (|uiet  respiration — that  is,  al>oul  ]   to  ^  in. 

Semicircumference. — Tins  mav  be  obtained  accuratelv  for  both 
sides  by  the  use  of  two  tapes  joined  at  the  commencement  of  their 
scales,  and  padded  slightly  a  little  beyond  the  point  of  junction  so  as 
to  rest  like  a  saddle  piece  over  the  spine;.  The  measurements  are 
taken  simply  by  passing  each  tape  around  ils  respective  half  of  the 
cliest  to  the  midsternal  line  and  reading  oil  the  separate  inches  or 
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centimeters,  as  may  be  marked.  The  right  half  measures  nonnally 
(at  the  nipples)  from  i  to  ^  in.  more  than  the  left  in  right-handed 
persons ;  in  left-handod  persons  the  left  semicireumference  may  equal 
or  slightly  exceed  the  right  (J  in.). 

The  UNILATERAL  EXPANSION  of  the  chcst  mav  be  measured  also 
by  noting  the  differences  on  tlie  scales  for  each  side  with  complete 
expiration  and  inspiration. 

The  DiAMKTKKs  of  tho  chest  mav  he  measured  by  means  of  the 
thoracometer  or  caliper  compasses.  Tho  (mfproposterior  or  sterno- 
vertehral  diameter  is  taken  l)y  applying  one  bhide  of  the  calipers  on 
a  level  with  the  nipple,  in 
the  midsternal  line,  and 
the  other  at  the  insertion 
of  the  second  rib  behind. 
The  {rajisrcrMp  diameter  is 
measured  at  the  highest 
point  of  the  axil  he,  and  in 
the  normal  chest  is  a  little 
greater  than  tho  antero- 
posterior. The  average 
depth  of  the  chest  is  about 
T^  in.  in  men,  about  7  in. 
in  women :  the  l)rcadlh 
averages  alK)ut  10  in.  in 
men. 

The  LENGTH,  of  tbr 
thorax  may  be  ascertained 
by  measuring  from  X]u) 
clavicle  to  the  lowest  bor- 
der of  the  ribs,  along  the  midclavicular  line.  As  a  basis  for  esti- 
mating chest  length  and  variations  therefrom,  the  linea  costo-articu- 
laris  (line  drawn  from  the  sternoclavicular  articulation  to  the  tip  of 
the  eleventh  rib)  may  be  used  also. 

Cyrtometry. — This  determines  the  shape  of  the  chest  by  several 
means  of  outlining,  usually  on  a  level  with  the  nipples,  though  it 
may  be  desirable  sometimes  to  represent  a  transverse  section  of  the 
chest  at  any  higher  or  lower  plane. 

The  cyrtometer  of  Woillez,  often  referred  to  by  authors,  is  of 
historical  rather  than  practical  interest.  It  consists  of  a  chain  of 
stiffly  moving  links,  which  may  be  closely  applied  to  the  circumfer- 
ence of  the  chest  and  carefully  removed  so  as  to  preserve  its  outline 
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when  placed  on  a  table,  and  its  characteristics  and  diameters  noted. 
A  simple  and  sutficient  instrument  for  ordinary  clinical  purposes 
consists  of  two  narrow,  tapelike,  leaden  strips  joined  by  a  stout  leather 
hinge,  or  with  very  short  flexible  attachments,  to  a  padded  metal 
vertebral  piece.  The  latter  being  held  firmly  over  the  spine  at  the 
desired  level,  the  strips  are  molded  accurately  around  the  chest  and 
pencil-marked  where  they  cross  anteriorly,  in  the  middle  line.  After 
carefully  removing  the  pieces  so  as  to  hold  their  shape,  the  contour 
may  be  delineatcxl  on  a  sheet  of  paper  by  laying  them  thereon,  being 
sure  that  the  sternal  ends  are  crossed  as  marked ;  the  outline  may  then 
be  traced  inside  the  borders  of  the  strips.  The  form  of  the  cross- 
section  of  the  chest  mav  be  traceil  around  tlie  diameters  obtained 
previously  with  the  calipers  and  marked  on  the  paper,  thus  com- 
pleting the  mensuration. 

C- II EST  Pantograph. — This  new  instrument  for  recording  chest 
contours  was  contrived  by  Dr.  W.  S.  Hall,  of  Northwestern  University, 


Fig.  7. — IIaix'h  Chest  Paxtocrapii. 


Illinois.  It  is  a  modification  of  the  pantograph  used  by  artists  for 
the  purpose  of  enlarging  figure?^  from  sniallor  copies,  whereas  this 
revurs«'s  the  process.  Tlie  instrument  is  made  of  wood  or  brass,  with 
a  brass  or  steel  semicircle. 

Hall  describes  the  method  of  working  as  follows:  "The  joints 
(I.  A,  .r,  and  //  move  easily  in  tlie  i)lane  of  the  instrument.  The 
semicircle.  10  in.  in  diameter,  rotates  at  x  around  the  diameter  tx. 
The  point  /  is  fixed  to  a  tal)le.  Witli  f  a  fixed  point,  all  movements 
of  /,  tlie  tracinir  point,  an^  accom])anied  by  corresponding  movements 
of  r.  tlie  recording  point.     The  triangles  /",  i\  h  and  f,  /,  a  are  similar 
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triangles  in  all  positions  of  the  inatmment;  fb:fa::fr:fl;  but 
fb:fai:l:5;  therefore,  the  distance  fr  is  always  one-fifth  the  dis- 
tance ft. 

"  The  object  of  the  semicircular  arm  is,  of  course,  to  permit  the 
tracing  point  (t)  to  be  carried  around  the  thorax.  The  seat  upon 
which  the  subject  sits  is  adjustable  in  height,  and  has  back  and  side 


that  the  upper  part  of  the  body  is  not 


supports  for  the  waisl,  s 
allowed  to  waver  from 
side  to  side,  distuning 
the  contour.  If  the  sub- 
ject to  be  examined  sit 
beside  the  tabic  on  which 
tlie  instrument  is  fixed, 
if  the  seat  be  adjusted  in 
lieight  to  bring  the  plane 
of  the  thorax  to  be  ex- 
amined into  the  plane  of 
(he  instrument — i.  o.,  on 
a  level  with  the  top  of 
the  table;  if  a  sliuet  of 
millimeter  paper  lie  fixeil 
to  the  table  uiuier  the 
rec-ording  pencil  r,  anil 
if  the  tracing  point  (  1m; 
swept  around  the  tho- 
racic wall,  a  reciird  of 
the  chest  contour  will  lie 
traced  upon  the  paper." 

Three  pantngrams 
represent  outlines  taken 
at  the  axillary,  nipple, 
and  abdominal  planes  re- 
sj)ectively. 

Additional  points  of 
value  that  may  be  stud- 
ieil.  are  the  relative  in- 
crease in  the  anteropos- 
terior and  lateral  diam- 
eters in  forced  inspiration,  the  differences  between  the  cross-sectional 
areas  {in  centimeter  squares)  of  expiration  and  inspiration,  and  local 
prominences  of  musculature,  bony  irregularity,  or  pathological  altera- 
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tion  of  contour.  These  graphic  records  of  chest  contour,  reduced  in 
size,  are  well  adapted  for  filing  with  the  general  notes  of  a  case,  and 
pantogranis  taken  at  successive  intervals  lend  themselves  readily  to 
a  more  accurate  knowledge  of  thoracic  changes. 

It  has  been  demonstrated  quite  recently  by  Malone  {Journal  Am. 
Med,  Assn.y  September  17,  1904),  in  a  diametric,  pantographic,  and 
mathematic  study  of  a  large  number  of  chests,  that  broad  chests 
have  a  greater  cross-sectional  area,  both  for  inspiration  and  expira- 
tion, than  deep  chests;  also  a  greater  area  expansion  and  a  greater 
capacity  (volume  expansion)  than  do  deep  chests. 

Spirometry. — The  employment  of  Hutchinson's  spirometer  gives 
us  an  idea  of  the  absolute  amount  of  air  which  circulates  in  the 
lungs  between  the  extremes  of  deepest  respiration — the  total  breathing 
volume;  while  circular  mensuration  of  respiratory  movements  indi- 
cate only  relative  amounts  in  different  individuals.  Thus,  with  this 
instrument,  which  is  constructed  on  the  principle  of  a  gasometer,  we 
ascertain  one's  vital  capacity — i.  e.,  the  quantity  of  air  which  can  be 
expelled  with  the  deepest  expiration  after  the  deepest  possible  inspira- 
tion. The  vital  capacity  is  diminished  in  all  pulmonary  diseases, 
although  there  are  no  diagnostic  or  characteristic  differences  in  the 
vital  capacity  among  these  various  diseases. 

The  pliysical  conditions  wliicli  influence  the  vital  capacity  are  very 
numerous  and  complex,  even  in  hoalth.  IVrhaps  weight  and  stature 
l)ear  tlic  most  constant  rchition  to  the  vital  capacity,  especially  stature, 
altho\i<rh  there  niav  be  a  wide  interval  l)etween  extremes  in  healthy 
persons.  According  to  Otis,  tlio  average  lung  capacity  for  each  inch 
of  height  is  ;5.o'^  en.  in.  For  a  iieight  of  (iT  to  (iS  in.  inclusive,  the 
lung  capacity  is  about  t^:5T  cu.  in. ;  for  a  height  of  (ii)  to  70  in.,  about 
'^59  cu.  in.;  for  women  of  about  nineteen  or  twenty  years  of  age, 
with  a  height  of  (')*2  to  ()3  in.,  the  capacity  of  the  lungs  aver- 
ages from  145  to  150  cu.  in.  Jn  children  and  in  the  aged  it 
diminisiies. 

Von  Zienissen  and  Kleniperer  assert  tliat  the  normal  ratio  is  about 
!22  c.c.  for  each  centimeter  of  bodily  length;  and  that  if  the  ratio 
of  lieight  to  capacity  was  less  than  1  to  '^0,  or,  in  women,  less  than 
1  to  17,  there  was  probably  marked  respiratory  disturbance. 

CoMPLKMKNTAHY  AiK,  that  which  may  be  inlialed  by  a  forced, 
after  an  ordinary  quiet,  inspiration,  averages  al)Out  1,500  c.c. 

Reskhvk  or  si'i'PLKMi:xTAL  AIR,  or  that  which  may  be  ex- 
haled by  the  deepest,  after  ordinary,  expiration,  also  equals  about 
1,500  c.c. 
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Tidal  or  breathing  air,  that  which  is  changed  by  each  calm 
respiration,  amounts  to  about  500  c.c. 

Pnenmatometry  determines  the  inspiratory  and  expiratory  pressure 
of  air.  The  pneumatometer  as  devised  by  Waldenburg  is  a  modified 
mercurial  manometer.  It  is  found  in  health  that  the  expiratory 
pressure  is  always  greater  than  the  inspiratory,  exceeding  it  by  about 
20  to  30  mm.  The  results  are  more  variable  than  those  obtained 
by  spirometry. 

Stethog^aphy,  or  tlie  instrumental  tracing  of  the  movements  of 
the  chest  walls  (Kansome),  and  pneumography,  also  the  recording 
of  such  movements  (Marey),  are  of  much  greater  service  in  physi- 
ological than  in  clinical  research. 


THE    PATHOLOGIC   THORAX 

In  the  inspection  and  mensuration  of  the  thorax  as  a  whole,  and 
independent  of  its  movements,  the  observation  of  three  features  re- 
quires first  consideration — viz.,  itize,  shape,  and  sj/mmetry,  A  method- 
ical habit  of  noting  those  may  readily  be  acquired  by  remembering 
the  alliterative  s. 

(1)    SIZE 

As  indicated  previously,  the  visible  and  mensurable  dimensions 
of  the  chest  vary  considerably  in  different  j)ersons  enjoying  good 
health.  Pathologic  disproportions  in  size  may  be  (jcncral,  unilateral, 
or  local.  As  one-sided  and  circumscribed  deviations  are  obviously 
asymmetries,  they  are  dese rilled  as  such  nnder  the  third  head.  Of 
course,  abnormal  sizes  of  chest  are  always  more  precisely  estimated 
by  mensuration  than  by  inspection  alone. 

Pathologic  Enlargement. — Abnormal  increase  in  the  size  of  the 
thorax  as  a  whole  may  indicate  predisposition  to  pulmonary  disease, 
or  an  incipient  as  well  as  fully  developed  gross  morbid  condition. 
This  is  frequently  observed  in  those  whose  occupation  necessitates  a 
certain  amount  of  habitual  strain  upon  the  air  vesicles,  as  in  glass- 
blowers,  wind-instrument  players,  etc.  Mountaineers  and  others  liv- 
ing constantly  in  very  high  altitudes,  and  asthmatics,  may  show  slight 
or  moderate  enlargements  even  when  the  other  physical  signs  of  true 
emphysema  may  be  wanting.  The  latter  condition  (permanent  dila- 
tion of  the  vesicles  of  the  lungs)  is,  however,  the  chief  affection  in 
cases  of  marked  increase  in  all  of  the  diameters,  especially  when  most 
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prominently  involving  the  upper  half  of  the  chest.     Both  vertical 
measurements  are  at  the  same  time  usually  shorter  than  normal. 

Pathologic  Smallness. — This  is  particularly  noticeable  in  persons 
predisposed  to  or  actually  having  tuberculosis;  in  those  who,  in  child- 
hood, were  considered  "  delicate  "  or  "  scrofulous/'  or  mouth-breathers 
because  of  adenoid  growths  in  the  nasopharyngeal  vault,  or,  as  in- 
fants, were  victims  of  marasmus,  rickets,  and  other  wasting  diseases. 
Small  chests  are  also  seen  in  patients  who  have  suffered  long  from 
prostrating  and  more  or  less  malignant  illnesses. 


(2)  SHAPE 

We  learn  the  shape  of  the  thorax  by  intelligent  observation  in 
general,  by  practise  in  the  estimation  of  the  relative  lengths  of  the 

anteroj)osterior  and  transverse 
diameters,  and  more  precisely  by 
measurements  with  the  thora- 
(•omet(?r  and  tracings  with  the 
cyrtometer  and  pantograph. 

There  are  certain  bilateral 
or  symmelrical  abnormalities  of 
sliapc  so  well  marked  as  to  con- 
stitute (listiiict  tyj>es  of  patho- 
Uv/w  clicsi.  Thoy  may  origi- 
nals Iroiii  (.'ont^aMiital,  develop- 
mental, or  previcms  pathologic 
conditions. 
Paralytic  or  Phthisinoid  Chest. — It  is  alMiornially  long,  narrow, 
and  shallow;  llie  shoulders  slope  and  drooj)  downward  and  forward; 
the  neck  is  Ion*;  and  the  lai'vnx  and  an*;le  of  Louis  prominent;  llie 
ribs  are  slender,  and  slant in<r  sharply  downward  from  the  sterniiin, 
tlien  also  with  marked  obliijuity  hack  ward  to  the  vertel)ne  form  an 
acute  epii^^a>tric  an^de;  the  supra-  and  infraclavicular  fossa)  and  the 
intc^TOstal  spaces  are  (piit(»  dej)ressed,  and  tlie  latter  often  widened. 
Owin<r  to  the  weaknos  of  th(j  shoulder-irirdlo  muselos,  the  serratus 
anticus  in  particular  (*' paralytic ''  thorax),  tlio  vertebral  borders  of 
the  scapul:e  ])roject  so  that  th(»  intersca])ular  region  may  be  relatively 
deepene<l  to  ihr  lhickne>s  of  an  a])pli(Ml  liand,  the  scapulj^  thus  stand- 
intj^  out  win<rlike,  and  hence  the  desiuiuUion  dlar  or  pterygoid  chest 
sometimes  used. 

This  type  of  thorax  is  xnm  in  delicate  children  and  adolescents. 


Fig.  y.  — Thk  Nohmai.  Tnnnvx;  ()i:'ilink 

OF  TUANSVKKSK    Sk<    TloN, 
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prwlinposwi  to  or  in  llio  incipiency  ot  tuberoiilosis.  although  it  is  not 
rarely  found  in  tliot*  wiioso  lungs  have  fscaiml  inffctinn.     It  indi- 


mm 

■s  ii»-  TirE  PuTHisiNoii)  (.■iii.»i\      (Sahli.) 


cates  congpuilnlly  I'lnall  and  weak  pulmonary  capacity.  The  super- 
vention of  tiilwrcnlosis  causcw  increase  in  the  flattening  of  tlm  stertin- 
vfrtcbral  diamfli'r, 

Plat  Phthiiioal  CheBt.— The 
physifal  characi  eristics  arc  not 
much  unlike  those  of  an  emaci- 
ated chefit  of  normal  proportions 
except  that  the  upper  anterior 
aspect  shows  decided  flattening 
and  consequent  relative  shorlcn- 
ing  of  the  anteroposterior  diam- 
eter. It  points  to  acquired  tu- 
Ix^rciiloais  in  spite  of  the  absence 
of  the  inherited  suseeptihility 
usually  associaled  with  the  pre- 
ceding type  of  ehest-  Furthcrmor 
mentioned,    pulmonary  phthisis    may 
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relatively'    normal    or    even    slightly    esiijigcratcd    anlernpnstprini 
a  meters. 

Enipfaysematons  or  Inflated  Chett. — This  is  i|uik>  llic  op[)Oiiite  e 
tlie  ])Hriilylie  nr  flat  chest.     It  is  a  pormanent  bilatt>ral  enlargeiu 


of  the  thorax,  and  its  appearaiieu  may  be  simulaletl  iu  the  healthy" 
chest  while  at  the  height  of  a  full  inspiration.  We  i<ee  the  abnormal 
fiiliHfSS  and  rnundnc.ss,  mainly  alwve  the  level  of  the  ensifonn  car- 
tilage, the  anterior  surface  prominent,  the  dorsal  spine  bent  back- 
ward, as  seen  best  from  the  patient's  side,  and  the  marked  increase 
of  the  anteroposterior  diameter,  equaling  or  exceeding  the  trans- 
verse. The  meaanrements  and  cjTtometric  or  pantographic  out* 
lines  confirm  inspection,  resembling  the  more  circular  shape  of 
the  normal  chest  of  a  child.  The  neck  ia  relatively  short,  duo 
the  raised  ehouUlcrfi  and   tlmracic  case;  the  stenin mastoids  i 
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scaleni  antici  muscles  may  be  visibly  tense,  and  the  chest  as  a  whole 
is  also  diminished  in  length.  The  sternum  is  arched  forward;  the 
ribs  are  thick,  hypertrophic,  massive  looking,  and  run  horizontally 
outward,  consequently  the  epigastric  angle  is  wider — more  obtuse — 
than  normal;  the  intercostal  spaces  above  are  often  full,  while  the 
lower  zone  of  the  thorax  is  fretpicntly  n^racted,  especially  during 
inspiration.  The  supraclavicular  regions  are  sometimes  deepened  and 
sometimes  cushiony.  In  many  cases  the  lower  lateral  and  infrascapu- 
lar  regions  bulge  outward  and  backward,  giving  rise  to  the  so-called 
"  barrel-shaped  "  chest.  However,  the  absence  of  this  very  character- 
istic type  of  thorax  does  not  prove  the  absence  of  emphysema  in  all 
cases.  It  indicates  permanent  overdistention  of  the  vesicles  of  the 
lung,  caused  by  prolonged  or  oft-repeated  attacks  of  chronic  bronchitis 
and  asthma. 

Eachitic  Deformities  of  the  Chest. — As  the  result  of  softening 
of  the  bones  due  to  rickets  in  early  childhrK)d,  with  or  without  the 
effects  of  respiratory  diseases  causing  obstruction  to  inspiration,  three 
varieties  of  rachitic  thorax  are  met  with,  namely:  (1)  The  simple 
rachitic  chest,  (2)  the  *'  pigeon-hreast/'  (3)  the  transversely  con- 
stricted chest, 

(1)  Simple  Rachitic  Chest. — This  type  of  chest  is  shorter  and 
deeper  than  normal.  It  is  characterized  by  a  shallow  depression  or 
groove   on   either   side,    running   downward 

and  outward  in  about  the  anterior  axillary 
line,  causing  the  anterolateral  portions  to 
sink  in  and  the  anteromedian  to  project 
forward,  the  softened,  rickety  ribs  yielding 
(principally  at  the  costochondral  junctions), 
owing  to  lessened  intrathoracic  pressure  dur- 
ing inspiration.  As  shown  in  Fig.  13,  the 
nearly  circular  outline  of  the  healthy  child's 
chest  becomes  almost  quandrilateral  in  the 
rickety.  Another  characteristic  is  the  "  ra- 
chitic rosary,^'  or  beadlike  enlargements  of 
the  cartilaginous  (sternal)  ends  of  the  ribs, 
sometimes  easier  felt  than  seen. 

(2)  Pigeon  Chest. — The  sides  of  the  chest  are  flattened  and  the 
sternum  pushed  and  arched  forward  so  that  the  transverse  outline 
is  triangular,  with  rounded  sides  and  angles  (see  Fig.  14).  The 
protrusion  of  the  sternum  is  most  marked  at  its  lower  portion,  the  ribs 
sloping  sharply  backward  as  the  bow  ribs  of  a  boat  bend  from  its  keel 


Fig.  13. — Simplf:  Rachitic 
CiiKST.  Dottod  line  in- 
dicates the  shape  of  the 
chest  in  an  infant  about 
same  age. 
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{pectus  carinatum).  This  exaggerated  rachitic  defonnitj  ocean  after 
diseases  in  which  great  strain  is  thrown  upon  the  lung  by  obslruetioin 
to  inspiration^  as  from  whooping-conghy  protracted  brondiial  c/AmxA, 

nasal,  pharyngeal,  or  &iieial  en- 
largements (tuibinates^  ■depoidB^ 
tonsils).  The  eoEtenial  aimoa- 
pherio  presanre  thna  orertMlano- 
ing  the  internal,  the  plastic  riba 
yield  inward  at  theiT  laast  re- 
sistant portions.  Tndeedj  the 
pigeon-breast  may  vaault  from 
such  affections  in  infants  vrbo 
may  not  be  rickety,  eqiecially 
Willi  the  prolonged  caaea  of  brour 
diopneumonia  followiqg  measles 
or  pertussis. 

(3)  Tbanbtxbbilt  CiOK- 
8TRI0TED  Chest,  or  Habbi- 
son's  SuLCua. — ^In  tbia  tram 
the  lower  ribs,  eorrespopding  to 
the  diaphragmatic  attadhment, 
arc  drawn  in  below  the  stemo- 
xiphoid  junction,  downward  and 
outward  as  far  sm  the  axilla.  Harrison^s  groove  is  produced  by 
the  same  causes  as  for  pigeon-chest,  and  the  two  deformities  are 
frequently  associated.  Long-con  tinue<l  and  hard  coughing  and  in- 
spiratory difficulty,  by  increasing  the  pull  of  the  diaphragm  upon  the 
flexible,  softened  ribs,  cause  the  deepest  depression  just  above  the 
upper  limits  of  the  liver  and  spleen,  the  resistance  of  the  latter  often 
making  the  lower  margin  of  the  ribs  flare  out.  This  expansion  of 
the  lower  opening  of  the  thorax  may  be  the  result,  however,  of  pres- 
sure from  gaseous  distention  of  the  bowels  (acute  cases),  or  from 
abdominal  dropsy  and  large  tumors.  Again,  it  is  seen  in  some  healthy, 
large-chested  adults. 

The  significance  of  the  detection  of  the  rachitic  types  of  chest  lies 
in  directing  attention  to  the  probable  evidences  of  the  causes  men- 
tioned, and  of  the  respiratory  incapacity  preceding  and  accompanying 
pulmonary  tuberculosis. 

Funnel  Chest  (Trichterbrust). — This  consists  in  a  marked  de- 
pression of  the  lower  part  of  the  sternum,  the  outer  border  of  the 
"  funnel "  being  as  much  as  3  or  4  in.  in  diameter,  and  the  apex 


Fia.  14. — Transvebse  Section  or  a 
Rachitic  Chest  at  Level  or  Sixth 
Thoracic  Vertebra.  Circumfereiioe, 
32|  inches;  right  half,  16|  inches;  ex- 
pansion, 2  inches.     (After  Musser.) 
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from  IJ  to  3  in.  deep.  It  is  usually  congenital,  and  may  be  asso- 
ciated with  other  physical  and  mental  signs  nf  hercdilary  or  develop- 
nit-ntal  faults  and  degeneration.    It  also  may  be  of  rachitic  origin. 

A  sort  of  acquired  funnel  chest,  with  a  sinkiog-in  of  the  ensiform 
cartilage  chicflv.  is  scon  ot'cusioniilly  in  cnljlilcrs  and  carpenters  who 


in  early  adolescence  begun  to  work  at  their  trades,  and  for  many 
years  used  loids  with  considerable  pressure  over  that  region.  The 
respiration  and  cardiac  action  are  Hkuly  to  he  inlcrfei-cd  with  only 
in  the  congenital  variety. 


(3)  .SYMMETRY 
Irregular  Deformities  of  the  Chest, ^ — These  are  caused  by  the  vari- 
ous spinal  eurfatures-,  inspection  of  the  back  may  reveal  a  kijphosU, 
or  bending  backwiird  of  the  spine;  or  a  scollunw,  or  bending  sidewise; 
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or,  more  likely,  a  I'l/phoscoUoaix,  or  combination  of  both — ^i.  e.,  t 
simultaneous  lateral  ami  iK)sterior  curvature;  more  rarely,  a  bending 
forward,  or  lordosis^  may  be  met  with.  The  kyphoscoliotic  chesi 
witnesses  the  most  distorting,  alterations  of  size,  shape,  and  sym- 
metry at  once.  The  spine  is  twisted ;  tlie  upper  dorsal  region  ii 
hump(Ml ;  one  shoulder  is  lower  and  perhaps  more  posterior  than  the 
other;  one  side  is  irregularly  reiluced  and  retracted  as  compared  witl 
the  other,  and  the  rihs  and  other  thoracic  bones  are  distorts  anv 
out  of  relation,  so  that  the  landmarks  and  topographic  relations  oJ 
the  likewise  romj)ressed  and  displaced  thoracic  organs  are  without 
value  in  diagnosis.  Incidentally,  I'ott's  disease. of  the  spine  nmy 
he  discovered,  as  well  as  abnormal  rigidity  (spondylitis  deformans) 
of  the  vertcbrjp. 

Chest  deformities  from  curvatures  of  the  spine  are  indicative  oJ 
suscej)til)ility  to,  and  often  the  presence*  of,  tuberculosis,  unilateral 
or  local  emj)hysema,  pneumonitis,  atelectatic  lung,  pleuritis,  and  de- 
generation and  dilation  of  the  myocardium,  especially  the  right  ven- 
tricular wall. 

Unilateral  Abnormalities  of  Size  and  Shape. — (1)  Unilaterai 
roNTUACTiox  of  the  chest  is  noted  by  observing  {a)  the  general  draw- 

ing-in  and  flattening 
on  one  side;  (b)  the 
intercostal  spaces  arc 
both  narrowed  and  de- 
])ressed,  and  the  rib? 
iiiav  be  so  close  to- 
gether,  esjHJcially  al 
ihe  lower  lateral  re- 
gions, as  to  overlap  a? 
di>  shingles;  (r)  tlu 
shoiddcr  on  that  side 
droops;  (d)  the  semi- 
circumference  is  visibh 
and  measurably  diniin 

Ik:.    l().--rML.\n;i{vi,  J{kti{.\<tion  r>F  ('ni:sT.  ('.)N^i>     l^hcd,     whlle     the      Xlli 

Ql   KM    I   I'OV  ('IKKHOSI^^  OK   I.I.I   I     I.l   NC.   IN    AdlULOF       Jj  ll'c(-led    sidC    is    Sli^^'htl'^ 


I'orurnLN  Vi.AUs.     'Ilu-  li^iirc><  iiuli<":it»'  Miit»T<»iM>«>- 


owmij: 


u 


,  ,  ...  ....        increased 

(■Mn'>i»f  ri^'ijt  :iini  hr<  IkiIi  uf  «iM-t.    ((kc.)  eoiiipeiisatory      cxpau- 

>i<)ii :  (r)  the  nianuni 
and  >ca|)iila  arc  nearer  lln'  im'<lian  liiii';  (/')  liic  s|)ine  is  curve<l,  will 
il>  criMvexilv  lowai'd  llie  sound  side.     Tliis  a^vmmeti'v  is  causiMl  hv  : 
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reduction  in  the  size  of  the  lung  either  from  collapse  or  consolidation 
of  the  vesicles;  thus  it  frequently  follows  long-continued  pressure  by 
pleural  effusions,  and  even  after  the  absorption  or  surgical  aspiration 
of  the  liquid,  compression  of  the  lung  is  often  kept  up  by  chronic 
pleuritic  adhesions;  cirrhotic  contraction  of  lung,  or  fibroid  phthisis 
or  interstitial  pneumonia,  as  it  is  variously  termed,  is  a  cause  second 
in  frequency,  the  connective-tissue  thickening  not  only  preventing 
the  lung  from  expanding  with  inspiration,  but,  when  associated  with 
pleuritic  adhesions,  actually  drawing  in  the  chest  wall  by  the  scarlike 
contraction.  This  inward  traction  pulls  upon  the  heart  and  dia- 
phragm also,  with  corresponding  dislocation,  and  decreased  freedom 
of  function.  Less  commonly,  unilateral  shrinking]:  may  be  the  result 
of  pulmonary  collapse  due  to  some  such  cause  of  a  bronchial  obstruc- 
tion, as  a  foreign  body  within  or  a  pressing  mediastinal  or  pulmonary 
tumor  from  without,  although  a  malignant  growth  may  at  the  same 
time  extend  into  and  occlude  the  lumen  of  a  bronchus. 

(2)  Unilateral  enlargement  of  the  chest  has  characteristics 
respectively  the  opposite  of  one-sided  flattening — i.e.,  there  is  dis- 
tinct general  fulness 
or  bulging  on  the  af- 
fected side,  seen  par- 
ticularly from  the 
front ;  the  intercos- 
tal spaces  are  less  de- 
pressed, and,  as  in 
empyema,  may  be 
decidedly  prom  i  nen  t , 
especially  at  the  base, 
and  widened  also ;  the 
shoulder  may  be 
slightly  elevated;  the 
ribs  may  project  out- 
ward a  little  with 
their  inferior  borders ; 
the  nipple  and  scap- 
ula are  farther  re- 
moved from  the  me- 
dian line;  the  spinal 
bend,  though  slight, 
has  its  convexity  directed  toward  the  diseased  side  (the  larger,  as 
is  the  sound  side  with  opposite  retraction).  While  the  semicircum- 
6 
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Fio.  17. — Unilatkral  Enlargement  of  Chest  (Right 
Side),  Artificially  Produced  by  Injecting  Air 
INTO  the  Right  Pleural  Cavity.  Unbroken  line: 
outline  before  injection.  Broken  line:  outline  after 
moderate  distention.  Dotted  line:  outline  after  ex- 
treme distention.  Figures  at  bottom  of  vertical  line 
indicate  the  anteroposterior  diameter;  along  hori- 
zontal line,  transverse  semidiamet«r;  remaining  fig- 
ures, right  and  left  semicircumferences.     (Gee.) 
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ferc'iico  measures  larger  on  the  expanded  side,  there  is  simultaneousl 
some  increase  on  the  unaffected  side,  though  relatively  less,  on  ac 
count  of  tlic  patliologic  expanding  force  encroaching  indirectly  upo 
the  healthy  lung  (disphiceil  heart),  amd  so  causing  it  to  exert  greate 
compensatory  effort. 

One-sided  prominence  of  the  thorax  is  very  seldom  the  eflFcot  o 
a  "  vicarious  empliysema  "  or  dilation  of  the  vesicles,  because  of  di^ 
ease  of  the  opiwsite  lung.  More  frequently  it  is  produceil  by  disteii 
tion  with  gas  or  licpiid  in  the  pleural  sac;  pneumothorax,  variou 
])leunil  effusions.  Slight  unilateral  fulness  may  be  seen  in  cases  o 
])n<'umonitis  afTecling  the  whole  lung.  (Ireat  disparity  In^twtvn  ih 
two  sides  is  readily  o1)S(tvih1  in  certain  conditions  in  which  eithe 
sicl(»  is  enlarged  and  the  other  contracted. 

An  occasional  apparent  symmetry  of  both  sides  of  the  chest  i 
found  even  in  the  ])resence  of  a  large  pleural  effusion  on  one  sidt 
due  to  the  fact  that  the  compensatory  expansion  on  the  unaflfecteil  si<l 
balances  the  enlargement  on  the  diseaswl  side. 

Local  Irregularities  of  Form. — (1)  Local  or  circumschibkd  de 
pKEssioxs  of  the  thorax  are  most  fre<juently  noticed  in  the  supra 
and  infraclavicular  regions,  caused  by  apical  consolidations  or  cavi 
ties  (tuhercular),  or  localized  pleuritis.  Kxtreme  care  must  Ik»  exer 
cised  that  a  slight  ilatlcning  near  the  clavicle  is  not  adjudge<l  lo  b 
from  lul)('rculo>is  when  an  unsymmetrical  |)osition  of  one  arm  o 
.-houMcr  may  he  the  caust*.  A  dccjioning  on  one  side  of  Morenbeinr 
(l(']»rt'ssi()ii,  at  the  outer  part  of  the  infraclavicular  region,  is  a  sigi 
of  phthisis.  Flattr'iiings  oi*  depres.-ions  may  be  seen  over  any  part  o 
tlu'  lun«^< — anti-riorlv,  latorallv.  or  ]x>steriorlv — that  mav  bo  the  sea 
of  ])lithi>ical  or  hronchioclatic  cavilies,  circumscribed  pleuritic  adh* 
-ioiH,  al)SC('<M's  and  ^^aiiurcne  of  the  lung.  Two  sources  of  orni 
sliduld  1h'  t^uanb'd  airaiiisi  :  ajjparent  d('j)ressions  of  the  chest  due  t 
iiniscular  wa>tin;z;  relative  (U't'ponintr  of  the  su]>ra-  and  infraclaviculji 
spaco  liy  the  pi'ojtM.'tioii  of  (K't'oniuul  clavicles,  the  result  of  heale 
Tract ur«'-.  r'inally,  a  ])artial  shrinking  may  he  seen,  often  posteriorb 
at  the  lowiM*  rihs  after  the  absorption  of  a  small  {)leuritic  exudalioi 

CM  Local  ok  ciiaiMscKn}!:!)  iuiaiincs  of  tlie  thorax  are  of  con 
|)aratively  frecjiient  occurrence.  |)articularly  in  the  cardiac  and  aorti 
r«'.i;ions;  in  rc^^•lrd  to  th(^  latter,  consideration  will  he  given  iiudt 
the  section  dealing  with  heart  allVction- — with  aneurism  and  cardia 
eidar;/enicnt-^,  for  c\ani])le. 

In  the  first  p]ac(\  local  bulLrinirs  nuiy  he  due  to  pathologic  cond 
tions  in  the  rlirsf  wall — congenital  (u*  de\el<)pinental  irregularities  i 
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the  formation  of  the  ribs,  costal  cartilages,  and  their  junctions,  as  from 
spinal  and  rachitic  deformities;  periostitis  and  abscesses  of  the  sub- 
cutaneous cellular  tissue;  enchondroses  and  actinomycosis  of  the  ribs; 
lipomatous,  sarcomatous,  carcinomatous,  and  gummatous  tumors  of 
the  chest  wall  or  of  the  lungs,  pleurae,  mediastinum,  or  bronchial 
glands  eroding  and  pushing  their  way  through  the  wall.  Secondly, 
from  within,  localized  emphysema,  cutaneous  or  pulmonary  or  local 
protrusions  of  a  general  emphysema  may  be  seen  in  the  supraclavicular 
regions  or  along  the  upper  anterior  borders  of  the  lungs ;  at  the  base 
of  the  chest  a  localized  prominence,  with  several  smoothed-out  inter- 
spaces and  edematous  skin,  the  pointing  of  a  pleural  abscess  (em- 
pyorna),  may  be  met  with;  in  or  near  the  same  region,  encapsulated 
])lenritic  exudations  or  a  circumscribed  pncuniothorax  may  exist;  a 
littli.'  lower  the  bulging  of  a  sui)phrenic  abscess  may  appear;  finally, 
in  rare  cases,  hydatids  and  hernia  of  the  lung  may  be  thought  of. 

It  should  be  noted  that  prominences  due  to  pleural  and  peri- 
cardial effusions  are  much  more  apt  to  show  distinctly  in  children 
than  in  adults,  on  account  of  the  greater  flexibility  of  the  ribs  in 
the  former,  so  that  the  absence  of  marked  liulging  in  the  latter  does 
not  {)reclude  the  possibility  of  a  large  exudation  where  the  walls  are 
more  rigid. 

Care  must  be  exercised  also  not  to  give  pathologic  significance  to 
the  perfectly  natural  slight  prominences  at  the  right  back  inferiorly, 
and  the  precordial  region  in  many  children  and  some  young  adults, 
quite  apart  from  the  asymmetries  of  muscular  development,  espe- 
ciallv  anteriorlv. 

(4)   RESPIRATORY  MOVEMENTS 

(1)  Pathologic  Alterations  (Bilateral  or  Symmetrical)  of  the 
Type  of  Bespiration. — (a)  Increased  P]xpansion  (predominance 
of  the  thoracic  or  upper  costal  type  of  women). — Whenever  exag- 
gerated thoracic  movement  is  observed  (the  costal  type  in  men,  its 
excess  in  women),  the  first  point  in  the  analysis  is  the  proving  of 
its  physical  genuineness — i.  e.,  the  exclusion  of  voluntary  forced 
breathing  and  of  hysteria.  Briefly,  all  conditions  which  impede  the 
action  of  the  diaphragm  cause  a  relative  increase  in  the  thoracic  type 
of  movement,  and  a  corresponding  decrease  in  the  inspiratory  pro- 
trusion of  the  upper  abdomen. 

Such  diaphragmatic  restriction  is  characteristically  seen  in  cases 
of  inflammation  of  the  pleural  and  peritoneal  serous  membranes  coat- 
ing the  diaphragm  (diaphragmatic  pleurisy;  general  and  local  peri- 
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tonitis),  and  of  mechanical  restraint  due  to  increa^  upward  presi 
within  the  alxlornen.  Among  the  principal  causes  of  the  latter 
gaseous  distention  of  the  intestines,  ascites,  and  great  enlargenn 
of  tlie  liver  or  spleen,  or  other  abdominal  tumors;  advanced  p 
nancy  is  a  frequent  cause.  Besides  these,  the  weight  of  a  large  p 
cardial  i^fTusion  may  prevent  free  action  of  the  diaphragm^  and  1 
cause  exaggerated  thoracic  movement;  sometimes  the  failure  of 
diaphragm  to  act  on  the  left  side  in  such  cases  can  be  detected 
noticing  the  sucking-in  of  the  lower  interspaces  with  inspiration 
that  side.  Again,  complete  absence  of  costo-al>dominal  nioveii 
from  paralysis  of  the  diaphragm,  the  result  of  a  severe  diffuse  ji 
ionitis  or  of  a  l)ull)ar  palsy  or  of  paralysis  of  the  phrenic  nerves  oci 
ring  with  multiple  neuritis  or  spinal  pachymeningitis;  here  the  uj 
costal  movement  is  excessive,  and  instead  of  epigastric  protruj 
during  inspiration  there  is  general  retraction,  followed  by  appai 
protrusion  with  expiration  as  the  chest  wall  recoils. 

(h)  Dkuinisiiki)  KxrAXsiox,  on  the  other  hand,  with  exaggen 
alKlr)ininal  respiratory^  movonient,  may  be  a  simple  or  direct  diniinui 
of  simultaneous  exfmnsion  and  elevation,  or  the  diminution  may  be 
to  a  modified  relation  of  the  movement  of  expansion  to  that  of  oh 
tion,  causing  a  changed  character  of  thoracic  breathing.  Instai 
of  thr  former  are  ol)servtMl  in  lack  of  develo])ment,  ordinary  debil 
paralysis  of  the  ehest  muscles,  tuberculosis  of  the  lungs,  tetanic  sp; 
(»F  the  chest  muscles,  whether  from  disease  (tetanus)  or  strycl 
poisoiiinir;  rarely,  in  association  with  the  conditions  of  rigidity 
thickening  of  the  thorax  due  to  myositis  ossificans  and  sclerodcrm 

(leiieral  diminished  e\j)ansion  may  also  be  an  indication  of  pat 
or  complete  ohslruction  to  tin.'  entrance  of  air  into  the  lungs.  ' 
causes  of  this  condition  may  reside  in  (1)  the  larynx,  trachea, 
ljir;:cr  lirf>nchi:  {'^)  the  snialh.M*  bronchi;  or  (3)  the  pulmonarj'  \ 
cles.  Severe  >j)a-in»Klic  or  membranous  laryngitis,  paralysis  of 
vocal  cords,  larvuirrnl  tumors,  acute  larvmrotraeheitiH  and  bronch 
and  the  pressure  of  tumors  from  without  lhe>e  upper  respiratory  ] 
sages,  are  examj)le>  of'  thr  jir-t.  I'nder  the  second,  spasmodic 
bronchial  a>thma,  mid  th(.'  dccp-sealed  bronchitis  of  influenza,  oi 
fre(juenlly  seen  in  the  two  extreme-  of  life,  are  common  exani] 
Obstructions  occurring  under  the  third  head  nuiy  be  either  withii 
without  the  limg  vesicles;  of  the  former,  we  hiwr.  double  or  bilat 
fuieumonic  consolidation,  tubercuh)sis.  and  puhnonary  colla})sc 
causes:  of  the  latter,  double  hvdrothorax.  Hesides  these,  it  slu 
Ik-  noted  that  iho  »reneral  thoracic  movement  nuiv  be  diminishec 
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the  result  of  pain  during  breathing  in  eases  of  acute  pleuritis,  pleuro- 
dynia, or  intercostal  neuralgia. 

Again,  in  the  emphysematous  chest  the  normal  respiratory  move- 
ment is  diminished  because  characteristically  modified  or  replaced  by 
an  up-and-down  heaving  of  the  thorax  as  a  whole.  It  is  here  that 
the  relation  of  expansion  to  that  of  elevation  is  so  altered  that  the 
former  is  practically  in  abeyance,  and  the  rigid  chest  moves  vertically 
only.  Tliis  abnormity  of  movement  depends  upon  the  fact  that  the 
lungs  are  constantly  ovordistended  with  air  because  the  vesicles  have 
lost  their  elasticity,  and  hence  their  expulsive  force.  The  air-filled 
vesicles  permit  of  no  further  expansion,  therefore  the  forced  effort 
to  do  so  produces  simply  an  exaggeration  of  the  mere  dragging  up- 
ward of  the  thorax  seen  in  normal  forced  inspiration.  "  The  inspira- 
tory movement  must  be  made  ^ on  the  top  of  inspiration';  that  is, 
plus  a  degree  of  inflation  of  the  lungs  that  in  health  should  be 
approached  only  toward  the  end  of  inspiration '^   (Steell). 

We  observe  simultaneously  with  the  upward  movement  of  the 
upper  part  of  the  chest  that  there  is  anterolateral  retraction  of  the  epi- 
gastric and  lower  costal  regions  during  the  inspiratory  effort,  owing 
to  the  forcible  descent  of  the  diaphragm  not  being  followed  by  the 
expansion  of  the  lower  lobes  of  the  lungs,  and  the  external  atmos- 
pheric pressure  thus  overcoming  the  weaker  internal. 

Expiratory  chest  movement  is  attended  with  even  greater  diffi- 
culty (dyspnea)  than  the  inspiratory;  it  is  imperfect,  slow,  and  ex- 
tremely prolonged.  Obviously  this  is  because  of  the  diminished  elas- 
ticity of  the  lungs,  aided  in  many  cases  by  obstruction  to  the  egress 
of  air  from  bronchitic  exudation  in  the  tubes,  and  sometimes  by 
downward  displacement  of  the  diaphragm. 

(c)  Recession  of  the  lower,  anterolateiial  intercostal 
SPACES  during  inspiration,  instead  of  expansion,  is  characteristic  of 
obstruction  of  the  upper  respiratory  passages,  especially  of  the  larynx, 
as  from  spasm  of  the  glottis,  edema  of  the  larynx,  diphtheritic  laryn- 
gitis, and  the  like.  This  inspiratory  retraction  of  the  lower  zone  of 
the  chest  is  most  manifest  in  children,  where  the  upper  epigastric 
region,  as  well  as  the  interspaces,  may  be  drawn  in  considerably  from 
obstruction  above  the  bifurcation  of  the  trachea.  The  inspiratory 
expansion  of  the  upper  thorax  is  forcibly  made  for  even  the  little  air 
that  finds  its  way  into  the  upper  lobes  of  the  lungs;  diaphragmatic 
contraction  is  also  greatly  intensified,  with  marked  abdominal  pro- 
trusion, but  as  there  is  not  sufBcient  air  to  inflate  the  lower  lobes, 
their  collapse  allows  the  atmospheric  pressure  to  drive  in  the  inferior 
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parts  of  the  chert.  This  may  be  vritiiesaed  in  extenoiTe  brnncli» 
pnemnonitiB  of  both  lungs,  u  well  bs  in  emphy»cnm,  mentionc^l  usclei 
the  previous  heading;  and  it  is  tbo  prolorit^ed  slrnin  of  the  perair't- 
enceof  the  former  of  these  two  in  oliildrcn  with  nitliilii',  ril>-y iridium 
chests  that  leads  to  the  permanent  tnuurend?  oooctzicted  and 
pigeon  chest. 

(2)  VaUatenl  AbaormitieB  of  KovaMUit. — VtnLkrmAx,  aatnni- 
Tiov  OP  MOVBifEKT  is  best  exemplified  in  luge  plemitic  effononi 
on  one  side.  The  abeyance  of  morement  may  be  ■■■""■yi  with 
simnltaneous  nnilateral  enlargement  or  retractifm  of  tiae  dieat,  or 
viHiont  any  visible  change  to  either  abnormify.  Baniiiiabed  e^Mii- 
sion,  or  even  virtual  absence  of  one-sided  mor 
fnlnesB  on  that  side,  is  seen  in  extensive  plenral  i 
pneumothorax,  and  slightly  in  massive  pneamo 
The  principal  caosee  of  unilateral  decnaaed  movemoit  with  retnction 
of  the  affected  side  are  fibroid  phthisis,  partial  or  complete  twJlT— 
of  lung  from  old  pleuritic  adhesions  or  from  preamre  m  m  main 
bronchus  by  a  tumor  or  aneurism.  In  cases  of  acate  plnizitta  in  the 
early  stage  (before  liquid  effusion)  restriction  of  movenunt  on  one 
side  without  any  alteration  of  its  size  or  shape  is  usually  met  with 
on  account  of  tlie  nervous  reflex  influence  of  the  pain  of  breathing; 
also  in  canccroiiK  iiifiltratiriii  of  the  lung. 

What  flight  movement  may  cxittt  with  the  unilateral  diminution 
in  that  nf  elevntiou  rather  than  of  oxponxion,  such  as  difficult  icepira- 
tion  goiiernlly  produces,  Tlie  opposite  or  unaffected  side  usually  shows 
compensatory  increase  of  action. 

TlxiLATKitAi,  ixcBEASKi)  EXPANSION,  88  just  Stated,  ifl  a  aigual 
intlicatinn  of  ineapacitntotl  or  diseased  limg  on  the  other  side,  and 
oonsefjiiently  re]>re(!eiits  vicarious  action,  or  "compensatory  ranphy- 
sema,"  from  the  temporarily  exaggerated  distention  of  the  pnlmonai^ 
vesicles.  The  contrast  lietween  the  overacting  healthy  and  under-  oi 
nonactinj:;  diseasetl  side  is  the  more  readily  detected  by  noting  ths 
sharp  inspiratory  onset,  and  more  rapid  and  vigorous  movement  ol 
the  former. 

(3)  Local  Abnormities  of  Hovement. — Local  nnflNirriOK  oi 
MOVEMKNT  is  most  chnracterislicallv  observed  in  the  lagging  breath- 
ing of  tiiliercular  consolidation  of  the  apices  of  the  lungs,  eftpecially 
in  the  infraclavicular  (lopressions.  The  indication  of  this  condition 
on  cither  side  is  a  delayed  as  well  as  diminished  inspiratory  move- 
ment. Tjoeal  flattening  or  sinking-in  accompanies  the  lagging  de- 
ficiency of  movement;  this  is  true  of  localized  pleurisies  (adhesive) 
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as  well  as  phthisical  consolidations  of  the  upper  lobes.  Sometimes 
a  tuberculous  cavity  may  be  diagnosed  by  noting  a  slight  trembling 
or  flapping  of  the  thin  overlying  intercostal  tissues  in  emaciated 
subjects.  Circumscril)ed  diminution  of  expansion  of  the  upper  thorax 
may  also  be  due  to  apical  pneumonitis.  At  the  base,  with  some 
fulness  of  the  interspaces  the  deficient  movement  may  be  caused  by 
lobar  pneumonitis  or  a  small  quantity  of  pleural  effusion.  In  chil- 
dren suffering  from  bronchopneumonitis,  small  portions  of  consoli- 
dat(*d  and  c()lla{)sed  (atelectatic)  lung  may  be  localized  by  tlie  dis- 
coverv  of  such  little  areas  of  defective  movement. 

Local  ixcreaskd  movement  is  compensatory  to  circumscribed 
impaired  action  on  the  same  side;  thus,  an  increased  expansion  of  the 
upper  part  of  the  chest  on  the  right  side,  with  restriction  at  the  base, 
is  an  indication  of  pneumonic  consolidation  of  the  right  lower  lobe, 
or  }X)ssibIy  of  a  pleural  effusion.  Again,  when  the  apex  of  a  lung  is 
the  seat  of  a  tuberculous  infiltration,  the  respiratory  movement  of  the 
lower  part  of  tlie  affected  side  is  visibly  increased. 

Abnormal  Pulsations  and  Respihatouy  Blloings. — These  are 
likewise  local  physical  signs.  Rarely,  puhations  of  the  heart  may  be 
seen  in  the  left  mammary  or  axillary  regions  due  to  overlying  infil- 
trated lung  or  an  accumulation  of  pleuritic  pus  (pulsating  empyema), 
to  and  through  which  the  cardiac  impulse  is  transmitted.  Such  com- 
municated {)ulsations  are  to  be  differentiatwl  from  hypertrophy,  dis- 
location, and  aneurism  of  the  heart  and  aneurism  of  the  descending 
aorta. 

[nspirafoni  buUflmj  may  be  seen  above  the  clavicles  and  near  the 
upper  edges  of  the  sternum  in  considerable  vesicular  enlargement  of 
emphysema. 

Expiratory  bulging  of  the  supraclavicular  and  intercostal  spaces 
is  more  common  in  emphysema  and  asthma  on  account  of  the  diffi- 
culty in  emptying  the  lungs  during  the  costal  depression ;  in  cases 
of  large  lung  cavities,  the  walls  of  which  are  adherent  to  the  chest 
wall,  bulging  of  the  upper  interspaces  during  expiration,  especially 
when  forced,  may  also  be  observed  in  advanced  tuberculosis. 

Finally,  an  inspiratory  fall  and  an  expiratory  rise  in  the  bulging 
of  the  lower  interspaces  may  sometimes  be  seen  as  an  index  of  the 
weakening  of  the  intercostal  muscles  by  the  accumulation  of  a  suffi- 
ciently great  quantity  of  liquid  in  the  pleural  sac,  or  the  pleura  and 
muscles  may  even  be  ruptured  so  that  the  swelling  is  quite  subcu- 
taneous. 

Circumscribed  thoracic  pulsation  may  be  due  to  a  tumor  in  prox- 
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iniity  to  the  heart.  Sailer  describes  a  case  of  distinct  expansile 
j)uliiation  over  the  whole  left  thorax  which  autopsy  showed  to  be 
(•au.seil  1)V  a  ruptured  aneurism  of  the  ascending  and  transverse  por- 
tions of  the  arch  of  the  ar)rta,  with  left  hemothorax. 

Slillrr's  Inierrosial  Pliotwtion  Phenomenon, — ^The  simultaneous 
bulging  of  the  intercostal  spaces  during  phonation  is  held  by  Stiller 
to  1)0  a  useful  adjunct  in  the  physical  diagnosis  of  a  pleural  effusion 
and  its  (lilfcrentiation  from  consolidation  of  the  lung.  The  phenome- 
non also  enables  one  to  trace  the  line  of  demarcation  of  liver  and 
spleen.  Jt  is  lu^t  olicitcHl  if  the  patient  closes  his  nostrils  and  places 
his  hand  over  the  mouth  to  partially  obstruct  the  expired  air.  Forced 
expiration  should  also  be  practiseil  before  phonation  is  attempted 
(Abrams). 

(4)  Degree  of  Bespiratory  Expansion. — In  doubtful  instances  of 
bilateral,  unilateral,  or  local  alterations  of  thoracic  movement,  or 
whenever  ins])ccti<>n  Requires  i\\o  aid  of  additional  accuracy,  mensura- 
tion is  ro-iortetl  to,  and  the  ])recise  (Uujroo  of  expansion  compared  with 
the  normal.  If  tbe  amount  of  expansion  is  less  than  2  in.  in  the 
male  and  *i\  in.  in  the  female,  it  is  Ixilow  the  normal  average  re- 
spectively. 

An  cxjmnsion  of  but  IJ  in.  in  a  large  chest  in  one  who  has  or 
has  lind  fnvpKnt  attacks  of  asthma  or  bronchitis,  points  to  the  de- 
vclopmciii  «)r  cni]»liy>eina ;  in  marked  cases  tlie  diminution  nmy  l)e  to 
even  \  in.  In  small  chcsis,  as  the  phthisical,  the  degree  of  expansion 
variis  from    1  to  'i  in.  in  mo>t.  of  iJic  cases. 

S(Mnicirenml*erential  diminution  of  ex])ansion  is  noted  over  ])leural 
etTu>ion<,  pneumothorax,  chronic  ])leuritic  adhesions,  and  fibroid 
shrinkinir  of  the  hin;r.  Jn  aciil(^  plenritis  and  lobar  pneumonitis  there 
is  re(hic«<j  mea.-iirem(Mit,  almo>i  to  a  temj)orarv  al)olition  of  motion, 
on  aceoniit  of  intense  ])ain  and  mechanical  interference  causing  partly 
rellex  an<I  paiilv  voluntarv  reslriclion. 

la  * 

Local  diminution  of  expansion  is  seldom  a  mensurable  factor  of 
inqjortanco  e\ce[)t  in  occasional  cases  of  early  pulmonary  tubercu- 
losis. Here  observation  may  he  aided  by  measuring  the  anteroposterior 
apical  expansion  on  l)Oth  sides  willi  the  thoracometer,  one  arm  of 
which  is  applied  below  the  middle  of  the  clavicle  and  the  other  upon 
the  s|)ine  of  the  scapula,  can*  being  taken  that  both  extremities  of  the 
instrument  an*  ecjuidistant  from  tlie  median  lino  of  the  chest.  In  a 
ca>e  of  apical  consr)lidation  or  excavation  on  one  side,  for  exani])le. 
the  diminislie(l  respiratory  e\cnr-ion  may  readily  ])e  measure<l,  so 
that  till?  forwanl  movement  on  the  airected  side  during  quiet  breath- 
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ing  may  be  abolished  or  scarcely  perceptible  on  the  scale,  instead  of 
indicating  from  -^  to  -^  oi  an  inch  (Sibson),  or,  during  forced 
inspiration,  may  register  decidedly  less  than  ^  to  2  in. 

(5)  Abnormal  Vital  Capacity. — Mensuration  of  the  capacity  for 
air  by  means  of  the  spirometer,  although  not  of  absolute  value  in 
diagnosis,  may  be  of  considerable  service  in  watching  the  course  of 
a  given  ca«e  of  pulmonary  affection  by  taking  fre(jucnt  measurements, 
and  so  better  estimating  the  probable  outcome;  it  supplements  the 
other  methods  of  physical  examination  in  comparing  present  with 
past  data;  also  affords  indications  of  the  general  soundness  and  en- 
during qualities  of  groups  of  men,  such  as  those  about  to  enlist  in 
the  army  and  navy,  or  candidates  for  gymnastic  contests  or  field 
and  aquatic  sports.  In  view  of  the  many  conditions,  including  ana- 
tomical and  physiological  peculiarities,  habits,  occupation,  the  state 
of  the  abdominal  organs,  etc.,  that  may  affect  the  vital  capacity  aside 
from  thoracic  disease,  the  best  available  criterion  is  its  relation  to 
body  height.  Otis  and  Hitchcock  found  in  24,000  measurements  an 
average  lung  capacity  in  general  of  al)out  23G  cu.  in.  The  average 
lung  capacity  of  a  young  male  adult  5  ft.  7  or  8  in.  in  height  is 
237.10  cu.  in.;  that  of  one  5  ft.  8  or  9  in.,  244.11  cu.  in.;  one  5  ft. 
10  or  11  in.,  2(U.38  cu.  in.  The  general  average  is  3^  cu.  in.  for 
each  inch  of  height,  or  23.19  c.c.  for  each  centimeter  of  height.  In 
women,  the  average  capacity  for  average  height  is  from  145  to  150 
cu.  in.,  or  2.3  cu.  in.  for  each  inch  of  stature. 

Any  decided  fall  below  the  general  average  of  lung  capacity  justi- 
fies a  suspicion  of  tiil)erculosis,  though  it  does  not  warrant  a  positive 
diagnosis  as  an  independent  observation.  In  fact,  the  spirometer 
indicates  only  the  deficient  supply  of  air  without  really  pointing  out 
which  of  many  causes  produces  the  deficiency,  or  in  what  portion 
of  the  lungs  the  deficiency  is  located.  Whether  the  diminution  of 
vital  capacity  is  due  to  weak  or  diseased  lungs  or  to  the  fallacious 
results  of  ignorant  or  intentional  incoordination  of  breathing  in 
making  the  test  in  certain  individuals,  the  need  for  instructions  in 
respiratory  gymnastics  in  either  case  is  clearly  indicated.  It  should 
be  borne  in  mind  that  a  convalescing  patient  increases  in  vital  capacity 
with  practise  as  well  as  with  the  general  course  of  improvement.  The 
degree  of  diminution  of  spirometric  measurement  varies,  of  course, 
with  the  extent  and  intensity  of  the  pathologic  interference  with  the 
lung  action;  that  is,  whether  the  disease  is  narrowly  circumscribed, 
one-sided,  or  bilateral,  and  whether  it  is  severely  acute  and  rapid 
in  course,  like  lobar  pneumonitis,  or  the  reverse,  like  emphysema. 
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(fl)  Hie  d«grM  of  mpintaiy  preuure,  a^  oliUiioecl  by  Uic  pneu- 
niatometer,  is  so  cloaely  leUted  to  tliat  of  c'xpati«ion  that  brief  rofcr- 
cncQ  to  it  may  be  made  here.  Iti  reaTdta  ase  mon  Tsriable  thu 
thoee  obtained  by  spirometry;  bnt  they  ban  aoziliuy  Talii^  nercr^ 
thelees,  in  eatimating  either  the  aererity  of  diieie  or  its  tendency  to 
improvcmeot  or  aggraration.  In  health,  the  espuattny  preaann^ 
owing  to  the  muscular  force  that  may  tw  enrted,  is  greater  than 
the  inspiratory  in  about  the  ratio  of  ?J  to  5, 

Diminotion  of  inspiratory  pressure  in  atenoaia  of  the  respiratory 
passages  and  in  pleuritia  with  fibrinona  or  liqnld  exodation  (from 
pain  or  mechanical  interference)  are  naturally  crauonutant.  In  ptd- 
mon&ry  toberculosia,  especially  in  the  earlier  stigei^  Q»  progren  of 
the  disease  may  be  ivatched  to  advantage  by  noting  tba  diangea  in  the 
diminished  pressure  of  inspiration. 

Of  more  diagnostic  signiflcance,  howerer,  ia  diminiahed  expiratory 
pressure,  obseired  in  emphysema,  where  the  degree  of  diminution 
measures  the  degree  of  lose  of  elasticity  and  tenausL  of  the  veeidea 
of  the  lung. 

(5)   LTTTEN'S  SIGN 

Ak  intimated  l>efaro,  we  have  in  the  oboerration  of  this  ugn  of 

tliL'  iiii>viTiti:  jilm'iik'  sliadow  a  ready  and  fairly  reliable  means  of 
judging:  i>f  j>>itlii>logic  diiiiluutlonx  of  rcKpiratory  capaci^  without 
ujiparHtiis. 

J^iluteml  dwreaso  of  the  iiiuving  phenonienon,  and  consequently 
of  tilt'  dott'iiwurd  pmpiilBioR  of  tbu  diapliragiii  may  mean  cither  a 
tulien-iilar  pR'(Us]iaiitioii,  or  actual  disease,  or  moderate  emphysema; 
if  llie  former,  11k>  cli a raet eristic  small  or  phlliisical  chest  ia  associated, 
and  if  tlie  latler,  IIk'  enlarged,  barrel -shaped  chest.  Great  general 
deliility  and  muscular  weakness  from  prolonged  illness  of  Tarioue 
kinds  may  also  manifest  diminished  Imt  not  absent  excursicai.  of  the 
shadow. 

One-sided  diminution  of  the  diaphragm  shadow  may  mean  small 
pleuritic  effusion,  pneumonia  of  the  lower  lobe,  or  pleuritic  adheeions, 
the  eJTeet  l>cing  to  lower  the  point  at  which  the  shadow  b^na  to 
move  by  an  interspace  or  two.  The  special  value  of  Litten's  sign 
is  in  the  differential  diagnosis  between  a  liquid  pleural  effusion  on 
the  right  side  and  a  suMiaphragmatic  ahsross  or  upward  enlargement 
of  the  liver;  fbe  alisenee  of  the  phenomenon  in  the  first-named 'con- 
dition is  thus  distinctly  helpful,  Iwing  especially  indicatiye  of  large 
fluid  accumulations. 
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Only  very  large  tumors  below  the  diaphragm  or  very  large  quan- 
tities of  ascitic  fluid  interfere  sufficiently  with  the  descent  of  the 
diaphragm  as  to  abolish  the  moving  shadow. 


(C)   ABNORMAL  RATE  AND  RH\THM  OF  RESPIRATION- 
DYSPNEA 

Alterations  of  the  frequency  and  regularity  of  the  breathing  move- 
ments give  rise  to  more  or  less  dyspnea,  or  "  shortness  of  breath/' 
at  once  an  objective  as  well  as  subjective  symptom,  and  here  con- 
sidered because  closely  associated  \dX\\  the  physical  signs  proper  of 
thoracic  diseases,  although  it  may  l>e  caused  by  many  conditions  out- 
side of  the  chest.  Pathologic  dyspnea  is  the  counterpart  of  the 
physiologic  shortness  of  breath  produced  by  intense  exertion,  as  a 
sharp  run  up-stairs,  or  by  fulness  of  the  stomach  after  a  too  con- 
vivial meal ;  it  is  an  abnormal  increase  of  respiratory  activity. 

Anomalies  of  Frequency. — Simple  acgeleratiox  of  the  respira- 
tory rate  is  a  feature  observed  in  almost  evcrv  varietv  of  disease  of 
the  respiratory  organs;  at  the  sanu^  time,  it  should  be  noted  that 
laborious  breathing,  or  true  dyspnea,  is  also  nearly  always  increased 
in  frequency.  Although  abnormally  rapid  breathing  is  secondarily 
suggestive  of  other  than  pulmonary  conditions,  such  as  various  febrile 
states — (^specially  in  cbildren — hysteria,  toxemic  conditions,  anemia, 
certain  cardiac  diseases,  etc.,  these  are  more  appropriately  dealt  with 
in  works  on  general  medical  diagnosis. 

Anything  which  completely  or  partially  obstructs  the  flow  of 
respiratory  air  may  accelerate  the  breathing.  Thoracic  conditions 
causing  painful  breathing,  of  course,  may  cause  abnormally  rapid 
respiration  independent  of  much  meclianical  interference  with  the 
flow  of  tidal  air,  or  may  aggravate  it.  Thus,  inflammation  of  the 
pulmonary,  costal,  or  diaphragmatic  pleura,  witli  or  without  pneu- 
monitis, is  a  common  example  of  Injperpnea,  as  abnormally  frequent 
respiration  is  sometimes  termed.  The  respiratory  affections  that  give 
rise  to  acceleration  of  breathing  movements  likewise  produce  dyspnea, 
and  will  be  enumerated  later. 

Abnormally  slow  respiration  {hypopnea)  is  usually  associated 
with  stenosis  of  the  larynx,  a.s  from  tumors  within  or  pressing  from 
without,  foreign  bodies  in  the  trachea,  and  so  on.  Again,  even  in 
cases  where  the  air-space  in  the  pulmonary  vesicles  is  diminished  in 
some  portions,  provided  the  interference  with  respiration  is  gradually 
produced   by  a  chronic   process,  slowing  of  the  breathing  is  more 
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cliaract eristic  ihaii  rapidity,  the  patient  being  at  rest.  Tliis  is  seei 
ill  chronic  fibroid  phthisis. 

Anomalies  of  Bhythm. — (1)  SiGiiixa^  or  the  occasional  deep  in 
spiration  followed  by  a  rapid  and  broken  expiration,  is  a  temporar] 
irrogidarity  of  breathing  often  met  with  in  healthy  persons,  sitting  oi 
slee])ing,  but  who  are  not  inhaling  sufficient  oxygen  constantly.  li 
indicates  at  times  deficient  respiratory  capacity  from  habits  of  pooi 
expansion  due  to  sedentary,  stooping  occupations  and  neglect  o1 
CO  r  rect  i  ve  ex  ere  i  sc. 

(•^)  Simple  Ikhp:gularity. — There  are  several  varieties  of  irregii 
larity  of  rhythm  met  with.  Thus,  the  respiratory  movements  ma\ 
be  (a)  abnormally  shallow  and  irregidar  in  the  time  intervals;  (?>) 
abnormally  deep  and  irregidar;  (<•)  spasmodic,  jerky,  and  restrained 
The  first  is  set»n  in  conditions  of  collapse,  as  in  the  terminal  stage: 
of  pulmonary  tuberculosis.  The  second,  besides  being  sometimes  asso^ 
ciattKl  with  the  abnormally  full  breathing  in  certain  diabetics — ^th< 
so-called  diahvlic  Jifspnra — is  not  infrequently  observed  in  patient: 
<iuff(Tin«r  from  acute  miliary  tuberculosis  of  the  lungs.  The  thirc 
is  most  commonly  inspiraionj.  It  is  especially  characteristic  in  th< 
"  catch  -"  or  *^  stitch  "*'  or  "  hot  ntHKlle  thrust "  in  the  side  of  a  begin 
i\\\\\r  or  dry  ])Icuritis,  acute  ])iieumouitis,  pleurodynia,  or  intereosta 
n(Mir;il,ii:ia.  lnst<*ad  of  a  continuous  movement,  the  pain  causes  f 
sud(l«'n  interruption  or  several  interruptions  of  the  inspiration  whicl 
arc  ca>ilv  noticeable;  tliev   mav   also  be  evident   in  asthma  and    ir 

•  •  • 

liy>tcria.  Jerky  r.rjnnillon  is  seen  in  some  cases  of  pleuroilynia  am" 
])l('uritis,  al>»),  as  well  as  from  fractured  ribs. 

( .') )  ('ii.\N(;i:i)  \li\L VTiox  or  1  nsi»ikation-kxi»iration  Ratio 
Asthmatic  I'imatiiinc. — A  .shortrnrd  inspiration  is  often  charac 
teristic  rd'  acute  pneumonitis,  and  thus  causes  a  Ivntjihening  of  th( 
p(UiS(\  ju>t  before  the  (»xpiration.  that  may  be  (juile  decided. 

I'lie  dillicult  breathing  of  an  asthmatic  attack  is  marked  by  i 
reversal  of  the  normal  rhythm,  so  that  the  cxpirniinn  is  longer  insteac 
of  shortiM-  than  the  inspiration.  The  ex])iratory  movement  of  tlv 
emphysematous  chest  is  also  relatively  ])rol(m<:(ed,  but  there  is  no 
llu?  exaggerated  use  of  the  accessory  muscles  of  respiration  seen  diirin; 
an  asthnialic  ])aroxysm. 

Imrca^rd  frnf/fli  of  ins//lriifion  is  manifest  in  obstruction  of  th 
larynx  or  trachea;  recession  (t\'  the  lower  intercostal  spaces  and  in 
creased  (»x])ansion  of  the  up])er  tliorax  acconq^any  this  sign. 

(1)  C'fii:y\t:-S'|'()kks  ninuTiiiNc;.  althongli  associated  more  frc 
(jueutly  with  cerebral  and  reiud   than  cardiac  and   pulmonary   afTec 
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tions,  is  always  a  unique  aud  seriously  significant  alteration  of  the 
respiratory  rhythm.  The  respiratory  movements  become  gradually 
slower  and  shallower  until  a  period  of  cessation  or  apnea  ensues. 
This  is  followed  by  a  very  feeble  respiration,  then  more  quickly  a 
stronger  one,  the  succeeding  movements  becoming  gradually  deeper 
and  quicker  and  noisier  until  pronouncedly  dyspneic  in  character. 
These  exaggerated  respirations  then  decline  in  amplitude  and  rapidity 
again  as  before.  The  whole  cycle  of  ascending  and  descending  phases 
and  pause  lasts  from  a  half  to  two  minutes,  the  pause  occupying  about 
half  the  period.  During  this  apneic  pause  consciousness  is  nearly  or 
quite  alx)lishcd,  and  the  pupils  are  contracted  and  immobile  to  light; 
with  the  return  of  deeper  breathing  consciousness  returns  and  the 
pupils  begin  to  dilate  and  react  to  light.  At  the  height  of  the  regular 
dyspneic,  deeply  sighing,  or  snoring  breathing  the  pupils  may  be 
wildly  dilated. 

Cheyne-Stokes  respiration  is  usually  more  noticeable  when  the 
patient  is  quietly  sleeping  or  comatose.  There  are  several  minor 
modifications  of  the  type;  thus,  ordinary  deep  respirations  may  simply 
alternate  with  a  regularly  recurring  apnoea,  or  the  recurrences  of  super- 
ficial and  exaggerated  breathing  may  be  minus  the  periods  of  pause. 

Dyspnea. — Here  belongs  a  further  and  more  definite  reference  to 
difficult  or  laborious  l)reathing,  to  its  physical  varieties  and  their 
causation;  for,  as  just  indicated,  the  chief  characteristic  of  dyspnea 
is  an  increase  in  the  freciuency  and  depth  of  the  respirations,  or  both, 
anomalies  of  rate  and  of  rhythm. 

Inspiratory  dyspnea  (meaning  purely  or  dominantly  a  difficult 
entrance  of  air)  is  recognized  by  the  increased  energy  and  rapidity 
of  the  inspirations.  They  may  be  aggravated  and  interrupted  by 
pauses  to  recover  the  breath  on  account  of  the  least  exertion,  such  as 
speaking,  sitting  up,  etc.  In  severe  cases  the  accessory  inspiratory 
muscles  are  brought  into  active,  almost  tetanic  contraction  (the  sterno- 
cleidomastoid, scaleni,  pectoralis  major  and  minor,  the  levatores 
costarum,  serratus  posticus  superior,  rhomboideus,  trapezius,  and  leva- 
tores  scapulae).  In  various  degrees  it  is  the  result  of  some  obstruction 
in  or  about  the  upper  respiratory  passages.  It  is  present  in  paralysis 
of  the  posterior  crico-arytenoid  muscles  (dilators  of  the  glottis),  in 
spasmodic  and  membranous  croup  and  edema  of  the  larynx,  in  which 
the  characteristic  harsh,  shrill,  whistling,  screeching,  crowing,  or 
barking  inspiratory  sound  is  heard;  it  is  known  also  as  stridulous 
breathing y  or  stridor.  Similarly,  larjmgeal  and  tracheal  obstruction 
from  foreign  bodies  (dyspnea  sudden)  and  tumors  within,  and  pres- 
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sure  from  the  latter  without,  produce  inBpiiatorj  djapnea.  In  ex- 
treme cases  there  is  usually  at  the  same  time  inapiratoiy  retraction 
of  the  lower  interspaces  and  epigastrium^  and  even  the  upper  and 
supraclavicular  spaces. 

The  croupous  bronchitis  and  bionchopneumonitiB  of  diildxen  give 
a  typical  picture  of  inspiratory  dyspnea. 

Similar  results  happen  when  conditions  arise  anddooly  or  grad- 
ually that  diminish  the  air-space  or  disturb  the  ^Yolnmetric  yaria- 
tion ''  of  the  lungs.  Thus,  perforation  of  the  pleura  over  a  tubercu- 
lous cavity,  and  consequent  collapse  of  the  lung  from  pneumothorax; 
sudden  or  rapid  congestion  or  edema  of  the  lungs,  or  effusion  into 
the  pleural  sac ;  the  occluding  pressure  of  aneuriamal  and  mediastinal 
tumors;  thrombosis  and  embolism  of  the  pulnumaiy  arteiy;  kypho- 
Bcoliotic  deformity  of  the  chest,  interfering  with  the  extent  of  breath- 
ing surface,  and  abdominal  enlargements  which  push  up  the  diajdiragm 
considerably. 

ExpiUATouY  dyspnea  is  characterized  by  a  prolonged^  labored, 
often  wheezy  expiration.  The  abdominal  musdea,  the  quadmtu  lom- 
borum,  and  the  scrratus  posticus  inferior  are  aooesaozy  miuNsles.  Thii 
variety  of  dyspnea  may  be  caused  by  movable  tumors  obstmeting  Am 
trachea  and  bronchi,  but  is  due  principally  to  asthma  and  emphyselnuL 

Mixed  inspiratory  and  expiratory  dyspnea  is  very  frequent^  and 
occurs  in  most  of  the  respiratory  and  cardiac  affections  at  some  time 
or  other. 

Outhopxp:a  (Gr.,  orthos,  straight,  upright)  is  an  exaggerated 
form  of  dyspnea  requiring  an  upright  posture  for  the  purpose  ol 
getting  the  breath.  The  accessory  muscles  of  respiration  are  stronglj 
active,  and  the  short,  (luick,  heaving  efforts  witness  to  the  gravit] 
and  distress  of  the  eondition.  The  sitting  or  standing  position  en- 
ables the  patient's  thorax  to  move  with  the  greatest  freedom,  and  tta 
auxiliary  uiuscles  to  act  better.  Orthopnea  is  a  usual  sign  of  cardiac 
disease  in  the  advanced  stages,  when  the  "  broken  compensation  **  oi 
the  part  of  the  muscular  walls  of  the  heart  results  in  pulmanari 
congestion,  and  later  in  dropsy  of  the  lower  extremities  and  conges 
tion  of  the  abdominal  viscera.  In  bad  cases  of  asthma  and  emphy 
seraa,  also,  and  in  severe  fibrinous  bronchitis,  bilateral  pleural  effu 
sions,  and  double  pneumonites,  the  up-and-down  instead  of  the  ex 
pansile  movement  of  the  chest  in  the  sitting  posture  is  a  eonmioi 
observation,  especially  in  the  medical  wards  of  a  large  hospital.  Ii 
cardiac  orthopnea,  the  in-and-out  movements  of  the  ribs,  though  ex 
aggerated,  are  much  better  maintained  than  in  the  respiratory  form 
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PA  LP  A  TION 

To  loam  more  about  the  pliy.-ical  characteristics  of  wliat  one  sees, 
one  instinctively  and  almost  simultaneously  }nits  forth  tlie  hands  to 
feel  whether  vision  has  been  true  and  sutficient  or  incomplete  and 
inexact.  Naturally,  then,  the  method  of  trained  touch,  or  palpation, 
comes  close  upon  the  heels  of  inspection  to  corroborate,  modify,  and 
enlarge  the  knowledge  gained  by  the  latter.  However,  a  sensitive, 
educated  touch  is  not  only  useful  in  aiding  the  sense  of  sight,  by 
confirming  and  amplifying  the  results  of  inspection;  it  has  inde- 
pendent value,  also,  in  furnishing  decisive  evidence  that  even  the 
more  exact  methods  of  percussion  and  auscultation  must  sometimes 
wait  upon,  as  in  the  relation  of  the  vocal  fremitus  to  differential 
diagnosis. 

On  account  of  the  ease  and  simplicity  with  which  palpation  may 
be  performed,  beginners  are  prone  to  neglect  its  careful  cultivation. 
This  is  a  mistake.  The  tactile  sense  cannot  be  practised  too  much 
or  too  precisely.  It  often  happens  that,  for  various  reasons,  as  of 
prostration  and  exhaustion,  or  of  delicacy  of  feeling  on  the  part  of 
the  patient,  inspection  cannot  be  satisfactorily  done,  whereupon  larger 
dependence  must  be  placed  on  palpation  for  ascertaining  the  general 
results  of  the  former  method. 

GENERAL  METHOD  OF  PALPATION 

• 

As  in  inspection,  the  chest  should  be  entirely  or  sufliciently  bared 
so  as  to  make  the  direct  and  comparative  investigation  of  every  region 
as  definite  as  possible.  Occasionally  the  hand  nuiy  be  slipped  beneath 
the  gauze  underwear.  The  posture  of  the  patient  should  be  in  a 
manner  both  even  and  easy,  whether  standing,  sitting,  or  lying,  avoid- 
ing especially  asymmetries  of  contour  due  to  a  shrugged  shoulder, 
turned  neck,  or  improperly  placed  hands  and  arms. 

Befgre  applying  the  hands,  the  examiner  should  see  that  their 
palmar  surfaces  are  warm  and  dry,  and  the  nails  as  short  as  the 
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fleaby  finger  tips;  and  the  hinds  first,  then  the  finger  tipft.  if  need  1 
for  more  accorate  localiution,  may  be  employed  by  applying  the 
gently  and  flatly,  but  firmly,  opon  the  parto  to  U-  palpatud;  col 
cUmmy  bande,  abarp,  acrttchy  finger  uaJI^,  ami  an  Hbrui>t.  rough,  • 
poking  preaenre  are  not  only  obje<rtionHl>lc  tn  the  pntient,  hut  by  t! 
more  or  leas  nerroos  apprebensiTciies^  or  resentful  reflUtance  of  t] 
patient  cause  incoordination  of  luoveniGntii^  and  rcfltx  or  voluntai 
rigidities  that  seriotuly  interfere  with  IIil'  rehahilily  nf  the  pbyi^ic 
signs.  Always,  correapianding  rei;ion>i  nii  tlic  two  ^tk-s  arc  to  ' 
palpated  by  a  simnltaneoos  applicatiai  of  boUi 'hmda^  or  by  apidyii 
one  band  similarly  on  both  sides,  or  by  attwnitdy  pmajiig,  with  €•■ 
hand  on  its  respective  side.  Thus,  the  infradcTunlu;  axSBMrj,  u 
infrascapnlar  regions,  for  example,  are  i 
each  case. 


PALPATION  OP  CERTAIN   INSPECTED  SIGNS 

Ae  regards  the  general  and  unilateral  atoormalitiea  of  aii^  ahif 
and  symmetry  of  the  chest,  palpation  is  budly  narfnl  h  an  tdjim 
to  inspection ;  but  in  ascertaining  the  presence  aad  dMneteiatici  i 
local  deformities,  and  also  of  local  alteratioiu  of  mDrenunt,  ■& 

method  is  of  considerable  practical  value. 

Tims,  palpation  gives  exactitude  to  the  observations  of  bony  piom 
nencfs,  BUpraelavicuIar  depreseions,  intercostal  widmingB,  etc,  fi 
example. 

Again,  important  aid  is  derived  from  palpation  in  the  perceptit 
of  local  astfmtnelrle.1  of  movement.  The  infraclavicolar  r^ons  a 
usually  first  examined  by  placing  both  hands  there,  the  finger  ti' 
resting  in  the  first  intercostal  spaccit  and  pointing  a  little  ontward, 
that  iho  hands  form  a  V-shape.  The  axillary  rcfcicms  may  be  pi 
patcd  standing  either  in  front  of  or  behind  the  patient;  likewise  wi 
the  infrasenpular  regions,  although,  when  standing  behind,  the  patie 
rIioiiM  bend  Forward  so  as  to  permit  the  examiner  to  apply  the  han 
vertically  iind  avoid  the  dubious  results  of  an  otherwise  construn 
position  of  the  \\Tists. 

Owing  to  the  frequency  with  which  that  most  prevalent  and  gra 
pulmonary  disease — tuberculosis — attacks  the  apices  of  the  lunj 
especial  earo  is  needed  in  ae(|uiring  the  test  procedure  and  mc 
delicate  skill  in  the  palpation  of  the  supraclavicular  and  anpraspino 
regions  of  the  thorax,  in  order  that  the  early  evidences  of  th^  dieea 
may  l>e  detected,  since  upon  these  do  the  prognosis  and  prompt  m 
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rational  treatment  depend.  Standing  in  front  of  the  patient,  who 
may  be  seated,  two  or  three  finger  tips  are  allowed  to  rest  in  the 
supraclavicular  spaces,  with  the  fingers  gently  curved  very  much  after 
the  manner  of  a  pianist  or  typewriter.  A  little  more  flatly  applied 
behind  the  anterior  borders  of  the  trapezius  muscles,  the  fingers  may 
here  also  discover  one-sided  abnormal  movement.  The  detection  here 
of  delayed  and  diminished  movement,  "  expiratory  drag,"  or  "  lag- 
ging" breatliing,  is  strong  evidence  presumptive  and  particular  of  the 
deficient  expansion  of  pulmonary  vesicles  associated  with  incipient 
tuberculosis.  Lagging,  or  less  and  later  movement  over  the  lower 
part  of  one  side  is  usually  indicative  of  pleuritis  or  pneumonitis, 
possibly  of  infarction  or  of  pleurodynia  on  that  side. 

The  freedom,  extent,  and  symmetry  of  diaphragmatic  movements 
may  also  be  palpated  by  applying  the  hands  (finger  tips)  over  the 
epigastrium  ;  the  irregular,  restricted,  and  one-sided  movements  of 
diaphragmatic  pleuritis,  phrenic  nerve  palsies,  and  local  peritonitis, 
may  thus  be  felt.  Finally,  palpation  may  be  emj)loyed  to  aid  inspec- 
tion in  noting  the  frequency  and  rhythm  of  the  respiratory  excursions. 


THORACIC    VIBRATIONS:    VOCAL    FREMITUS 

NORMAL 

When  the  hand  is  laid  upon  the  chest  of  a  healthy  person  while 
speaking,  a  fine,  vibratory,  tremor-like  sensation,  or  whizzing,  is  felt. 
This  voice  vibration  or  resonant  thrill  is  called  the  vocal  fremitus  or 
tactile  fremitus^  less  commonly  the  pectoral  fremitus.  The  sound 
vibrations  of  normal  breathing,  or  the  vesicular  respiratory  murmur 
as  it  is  called,  are  appreciable  only  by  the  ear  and  not  by  the  hands. 

The  method  of  examining  the  vocal  fremitus  is  to  have  the  patient 
utter  certain  words  in  distinct,  even,  measured  monotones  while  the 
examiner's  hands  are  applied  upon  different  regions  of  the  chest  in 
a  comparative  manner.  The  old  way  is  to  ask  the  patient  to  repeat 
the  count,  "  one,  two,  three."  As  the  normal  vocal  vibration  is  deli- 
cate under  all  circumstances,  and  for  this  reason  is  easily  deadened 
by  too  forcible  pressure  of  the  hand,  it  is  more  effective  to  have  the 
patient  use  the  words  "  ninety-nine,"  or  such  artificially  phrased  terms 
as  "  nom-nom-nom,"  by  which  the  predominance  of  the  nasal  conso- 
nants adds  resonance  to  the  tones.  To  determine  the  finer  vibrations, 
it  is  advisable  to  employ  the  tips  of  the  first,  second,  and  third  fingers 

instead  of  the  whole  hand. 
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Besides  the  simple  factors  of  the  strength  of  the  voice — i.  e.,  its 
loudness,  coarseness,  and  graveness — the  intensity  of  the  vocal  fremi- 
tus depends  upon  several  other  physical  conditions,  as  follows:  (a) 
On  the  pitch  of  the  voice:  the  lower  the  pitch  the  more  marked  the 
fremitus,  and  vice  versa.  This  explains  why  the  vibrations  arc  usually 
more  distinctly  felt  in  adults  than  in  children,  and  in  males  than 
in  females.  Furthermore,  just  as  in  musical  (stringed)  instruments 
the  vibrations  of  the  lower  strings  are  much  more  perceptible  than 
tho.<e  of  the  ui)]>er  strings,  being  of  greater  amplitude  and  fewer  in 
nunil)er  in  a  given  time,  so  the  fremitus  of  the  singing  or  speaking 
voice  in  the  bass,  l)aritone,  or  contralto  register  is  more  marked  than 
in  the  tenor  or  soprano,  and  accompanies  the  lower  notes  of  any 
given  register  more  than  the  upper;  the  thin,  high-pitched,  '*  throaty" 
notes  jire  witliout  fremitus,  (h)  On  the  size  or  diameter  of  the  hroii- 
rhiis  conducting  tlie  vocal  vibrations,  and  its  nearness  to  the  chest  wall. 
Hence  the  fremitus  is  more  marked  on  the  right  side  because  of  the 
larger,  more  superficial  right  bronchus,  (c)  The  thickness  of  the 
chest  wall:  the  tliicker  the  chest  the  feebler  the  fremitus.  The  voice 
vibrations  are  much  diminished  or  lost  in  passing  from  the  elastic, 
air-containing  lung  tissue  to  the  denser,  more  resistant  muscle  and 
fat.  (d)  The  dlstanre  itf  the  part  under  examination  from  the  larynx: 
llui  gn-ator  the  dislancc  the  weaker  the  fremitus.  Therefore,  the 
t'reiniliis  is  more  marked  over  the  upper  anterior  aspect  of  the  olust 
llian  ()V(T  th(j  axillary  and  infrasea]>iilar  regions. 

Normal  Variations. — r>eeaiiso  of  the  precc<ling  physical  and  ana- 
toiiiical  (•ondiiioiis,  each  individual  will  have  his  own  degree  of  vocal 
rrcinilus  or  pcrsnnal  standard  of  normal  fremitus,  with  regional  vari- 
aiioiH  dcj)rndcnl  upon  similar  conditions.  The  relative  intensities 
of  fremitus  du<^  to  llieso  normal  variations  should  be  carefully  noteil. 
so  that  a])]>arent  exairircrations  and  diminutions  of  the  fremitus  are 
not  crroni'onsly  considered  ])atliolo,srical. 

yanudi  riijhl-.^idrfl  inert asr  of  the  vocal  fremitus  is  the  most  im- 
])orlant  piadical  ])oint  to  he  borne  in  mind  in  this  respect.  This 
diU'erc-nce  over  tlie  apices  of  the  two  lungs  rcMjuires  careful  considera- 
tion in  the  dia.i:nn>is  n\'  heirinning  tu]»erculosis,  i)ecause  of  the  fre- 
(juency  of  its  occurrence  here.  11iis  relative  increase  of  the  fremitii> 
on  the  ri^rht  side  is  ex])lainc'd  hy  the  slii;htly  more  massive  and  denser 
right  lun.ir,  jx-rliap^  because  of  th(^  firm,  resistins;  liver  beneath  it, 
an<l  hv  the  additional  fact  of  ihr  anatomic-  relations  of  the  ri<^ht 
bronchus.  Jts  largeness  of  lumen,  sjiortness.  and  its  leaving  the 
trachea  with  >uch  <lirectnes<  as  the  slightly  acute  angle  gives  it,  i>ennil 
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greater  force  of  vibrations  to  enter  the  right  lung,  and  so  transmit 
more  sensation  through  the  chest  wall. 

This  slight  physiologic  increase  of  the  vocal  fremitus  on  the  right 
side,  as  compared  with  the  left,  region  for  region,  must  constantly 
be  borne  in  mind  to  avoid  inferring  a  pathologic  thickening  of  the 
lung  on  that  side,  or,  on  the  other  hand,  some  pleuritic  encroachment 
upon  the  lung  on  the  left  side,  because  of  the  relatively  diminished 
fremitus  there. 

Vice  versa,  the  discoverv  of  areas  of  diminished  vocal  fremitus  on 
the  right  side,  or  of  increased  fremitus  on  the  left,  is  naturally  easier 
because  of  this  normal  difference  noted  just  before,  and  all  the  more 
significant  of  morbid  physical  changes. 

The  borders  of  the  liintrs  may  l)e  mapped  out  by  the  tactile  fremi- 
tus in  adults  with  strong,  ]ow-j)itehed  monotones  of  the  voice,  espe- 
cially the  lower  borders;  the  cessation  of  the  fremitus  as  one  reaches 
the  liver  on  the  right  side  is  promptly  ascertained. 

Normal  regional  differences  in  the  intensity  of  the  fremitus,  be- 
cause of  distances  from  the  larvnx.  and  variations  in  the  thickness 
of  the  chest  wall  must  also  be  allowed  for.  Therefore,  the  fremitus 
is  more  marked  over  the  upper  and  anterior  than  the  lower  and  pos- 
terior portions  of  the  chest,  being  especially  noticeable  at  the  sternal 
halves  of  the  infraclavicular  regions  and  the  interscapular  regions. 
It  is  moderately  felt  at  the  axillary  and  infraseapular  regions;  but, 
owing  to  the  thickness  of  the  chest  covering  being  greater  on  account 
of  muscle,  mammary  gland,  fat,  and  bone,  the  fremitus  is  considerably 
weakened  at  the  mammary  and  scapular  regions. 

Moreover,  in  persons  with  thin-walled  chests  the  fremitus  is  rela- 
tively much  more  perceptible  in  general,  region  for  region,  than 
where  a  large  amount  of  dense  tissue  intervenes  between  the  lungs  and 
the  palpating  hands. 

PATHOLOGIC 

Pathologically f  the  vocal  fremitus  may  be  increased,  diminished, 
or  absent. 

Increased  Vocal  Fremitns. — Generally  speaking,  all  firm  infiltra- 
tions of  lung  tissue  cause  increased  fremitus,  obeying  the  physical 
law  that  sound  vibrations  are  conducted  with  greater  intensity  through 
solids  than  through  air.  Hence,  bearing  in  mind  the  normal  variations 
already  noted,  and  estimating  their  relative  prominence  by  a  general 
survey  in  each  individual  examined,  we  proceed  to  localize  any  area 
or  areas  in  which  the  fremitus  is  abnormally  marked;  the  detection 
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of  such   indicates  the  presence  underneath  of  consolidation   of 
s])on<ry  or  vesicular  lung  tissue  usually. 

(Consolidation  of  the  lung  tissue  as  a  cause  of  marked  vocal  frei 
tus  is  hest  exemplified  in  lobar  pneumonitis  (pneumonia)  ;  in  p 
1110  nor  If  tuberculosis  it  is  connnonly  perceived  over  the  solidified  an 
In  instances  of  the  former  the  fremitus  is  usually  felt  posteriorly  bel 
the  scapula,  and  over  a  larger  area  than  the  latter,  which  also  occ 
most  frccjucntly  at  the  apices  of  the  lungs,  and  anteriorly.  In  r 
cases  of  so-calN'd  massive  pueutnotiia,  in  which  the  bronchial  tu 
are  plugged  with  exudate,  the  voice  is  feehly,  or  not  at  all,  tra 
mitled  through  the  solidified  lung.  Jn  the  later  stages  of  tul>erculo 
if  the  pulmonary  cavities  are  large,  sujierficial,  and  dense-walle<l, 
tactile;  fremitus  nuiy  he  increased  (g^xnl  (conduction  and  consonai 
hy  relied  ion  of  the  vihrations  from  the  walls).  Increased  fremi 
is  also  felt  ahove  a  pleuritic  elfusion,  the  lung  being  conipres: 
against  the  thoracic  wall,  particularly  in  the  infraclavicular  regie 
over  fihroid  thickening,  hemorrhagic  infarction  (pulmonary  apoplex 
and  edema  of  the  lung  (moderately);  over  solid  tumors  lying 
contact  with  and  i)ctw(Hm  a  large  hnmchus  and  the  chest  wall,  or, 
tilings,  even  a  large  hand  of  pleuritic  adhesion  stretched  between 
lung  and  the  cosial  ])lcura;  lastly,  in  some  cases  of  chronic  bronch 
with  marked  dilalion  of  the  hrorichial  tuhes  and  adjacent  consoli 
tioii,  these  (nnditions  an.'  indicatccl  hy  the  increased  fremitus. 

Diminished  Vocal  Fremitus. — In  the  majority  of  instances,  abn 
nially  wmk  pectoral  fremitus  ])oinls  to  the  intervention  of  sonielh 
helweeii  the  lunir  and  eliesi  wall  that  interferes  with  the  conduct 
()['  the  voice  vihrations  to  the  surface.  Tiuis,  a  thickened  pleura, 
thin  layers  of  an  acute  or  .-uhaeute  pleurilis,  so  diminish  the  f remit 
A.LMin,  -inee  the  hrnnehial  tul»e>  are  llie  most  important  direct  me; 
of  voice  iransinis-jon,  diininuiion  of  iheir  caliher,  as  from  bronchi 
a>lhnia,  >t(uio-i>,  or  tumor  eoni])re^siou  may  lessen  the  sign.  Cavil 
in  the  Iuult  that  have  heeoine  ])arlly  filled  with  liquid  exudate  ma 
I'e-i  a  elmn.iz'e  I'roni   inerea^<'d  to  diminished  fremitus. 

A>  the  decree  of  fremitus  over  voienlar  lung  tissue  depends 
j);irt  upon  its  len.-ion.  we  sonu-tinies  find  it  impaired  in  marked  c 
phy>enia,  owinir  1')  the  lo--  of  ela-tieity.  in  sj)ile  of  the  fact  that 
alveoli  are  enlarired.  I)iit  jirr*^  the  partial  occlusion  of  manv  of 
hronchioles  in  thi.-  di>ea>e  ;il>o  oper.iif^  ^imullaneousl}^  to  prodi 
the  same  r«>ult.  In  >o-eaIled  coiii])en>at<>!-y  eni])hysema  or  temporal 
exaggerated  lung  action,  the  ten-ion  Imjui;  increased  and  the  wh 
re.-piratory   tract   o]>en  ancl   di.-tendecl  on   iluil    side,  the   fremitus 
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increased  at  first,  and,  as  recovery  of  the  diseased  side  removes  the 
reason  for  its  continuance,  later  diminishes  to  normal. 

It  should  not  be  forgotten  that  diminished  vocal  fremitus  is  not 
pathologically  significant  unless  the  voice  is  strong  enough  and  the 
thoracic  walls  thin  enough ;  feeble  voice  and  dense,  fat-laden  walls 
are  in  themselves  sufficient  causes  for  weak  fremitus,  and  then  this 
is  evident  on  both  sides,  although  not  unusually  bilateral  in  emphy- 
sema, also. 

Absent  Vocal  Fremitns. — Bronchial,  pleural,  and  mural  condi- 
tions mav  cause  total  abolition  of  fremitus. 

In  occlusion  of  a  bronchus  there  is  total  absence  of  the  fremitus 
over  the  area  supplied  by  the  occluded  bronchus,  as  the  oscillations 
of  the  voice  are  then  entirely  checked  from  entering  that  portion  of 
the  lung.  The  principal  causes  of  closure  of  the  bronchial  tubes  are 
the  pressure  of  a  large  aneurism,  mediastinal  tumor,  or  enlarged 
glands;  fibrinous  bronchitis,  blocking  accumulations  of  mucus,  and 
foreign  bodies  within  the  lumen. 

Pleural  cffusioiis  are  the  mo-^t  frequent  causes  of  absent  vocal 
fremitus.  Wbether  liquid  or  air,  their  presence  in  the  pleural  cavity 
interferes  with  the  conduction  of  the  vibrations  to  the  chest  wall,  the 
denser  medium  of  the  latter  inhil)its  their  already  weakened  intensitv, 
and  the  partially  or  completely  collapsed  lung,  having  lost  its  elastic 
tension,  also  fails  to  vibrate.  Ordinarily,  tbe  encroaching  fluid  is 
eitber  serofibrinous  or  purulent  from  inflammatory  or  tuberculous 
exudation;  it  may  1)0  a  dropsical  transudation  (bvdrothorax),  or  it 
may  be  partly  (serosanguinolent)  or  wholly  blood  (hemothorax)  or 
air  (pneumothorax).  A  greatly  thickened  pleura  will  also  suppress 
palpable  voice  transmission. 

The  palpation  of  the  vocal  fremitus  is  of  the  most  practical  value 
in  the  differential  diagnosis  of  pleuritis  and  pneumonitis,  diminution 
of  the  thrill  or  its  absence,  especially  in  the  lower  and  posterior 
part  of  the  thorax,  being  a  cogent  indication  of  the  presence  of  the 
former  affection. 

It  is  needless  to  more  than  mention  the  deadening  effect  upon 
the  tactile  fremitus  that  various  thickenings  of  the  chest  wall  have, 
such  as  tumors,  abscess,  edema,  and  the  like. 

Pleural  or  Friction  Fremitus. — Normally,  the  costal  and  pulmonary 
layers  of  the  pleurae  glide  smoothly  over  each  other,  so  that  no  fric- 
tional  vibration  is  perceptible  to  the  hand.  When,  however,  the  pleural 
surfaces  become  inflamed,  and  roughened  and  thickened  by  a  sticky 
or  buttery  fibrinous  exudate,  the  friction  produced  by  the  respiratory 
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rub  fjivos  rise  to  a  palpable  sensation  to  the  examiner's  hand.  This 
variously  doscrilxHl — often  according  to  the  intensity  of  the  inflamni 
tion  or  of  the  respiratory  energy — as  of  the  lightest  grazing  or  scratc 
ing  or  scraping  character,  or  it  may  be  of  a  dull,  grating,  or  crcakii 
character,  like  the  bending  of  new  leather.  In  some  cases  of  t 
grating  fremitus,  the  quick  succession  of  jerky,  detached  sensatio 
is  due  to  the  fact  that  "even  in  circumscril)ed  areas  the  rouglien 
pleura*  do  not  touch  each  other  at  all  points  at  the  same  time '\: 
others,  it  is  due  to  the  irregular  roughnesses  of  platas  of  caleareo 
infiltration  in  the  pleura  of  very  old  chronic  thickening  and  adhesioi 

The  fricticm  fremitus  is  best  felt  (and  heard)  in  the  axilla 
regions,  about  the  fifth  and  sixth  intercostal  spaces,  but  also  a  lit 
to  the  front  and  below  the  scapular  angle.  It  may  have  a  to-and-l 
(juality,  synchronous  with  the  respiratory  rhythm,  or  it  may  be  f 
only  with  inspiration,  near  the  end.  Deep  inspiration  u.<ually  ' 
creases  the  rub,  although  after  a  number  of  such  inspirations  t 
grazing  surfaces  may  become  smoothed  out  and  the  fremitus  d 
a])pcar;  firm  pressure  with  the  hand  apj)osing  the  inflamed  pleu 
layers  more  closely,  may  also  temporarily  exaggerate  the  sensatu 
Not  infre(|uently  the  patient  feels  the  friction  as  well  as  the  pj 
caused  l)y  it,  and  is  able  to  indiirate  the  exact  seat  of  the  trouble. 

The  (lisap])ejiran('e  of  pleural  fremitus,  besides  reduction  !>v  res 
rjitory  smnotliing  action  and  th(»  absorption  of  rwovery,  mav  l>e  <1 
lo  llie  <«'])arjitinir  ell'eet  of  a  progressing  licjuid  elfusion — tlio  drv 
plji^tie  pleiiritis  becoming  serolibrinous — or  to  the  formation  of  adl 
sinus  bclwccn  llie  pjirielal  and  visceral  ])leurje. 

Bronchial  or  Rhonchal  Fremitus. — This  is  a  coarse  or  fine  rattli 
M'Hsalion  wliicli  may  Ik'  fell  all  over  the  chest,  especially  in  childr 
in  (lill'usc  catarrhal  bronchiiis.  The  vibrations  are  synchronous  w 
th<'  nioxemcnis  of  rrvpiration,  although  usually  more  distinct  w 
insj)iration,  except  in  asthmatic  caM*s.  They  are  prodiiceil  bv  vis 
mncn>  or  ahiiiidant  li^jiiid  exudation  ])artially  plugging  or  tilli 
con^^estcd  or  iiillamed  bronchial  ttihes,  disturbed  by  the  ingoing  a 
oiit;!^^!!^  ctirreiits  of  air.  A-  this  a;ritation  of  bronchial  secret' 
'^\\r<,  rise  lo  tlu*  aiidiMe  rale<  (^ee  under  Auscultation)  or  rhonchi 
varion-ly  pitched  snorin;:,  whi-tlin;^'".  or  bubbling  sounds — when  r 
pated  the  re>ulting  vibration-  are  often  dcsiirnaled  as  rhonchal  frci 
his.  it  is  better  eliciti'd  by  ;zettinL'"  the  ])aticnt  to  take  several  dt 
inspirations,  and  is  more  Lrenerally  ])erccj)tihle  over  the  whole  cb 
in  children  than  in  adults.  In  tin*  latter,  bronchial  fremitus  is  nsuii 
due  to  a  rather  widespread  chronic  bronchitis  a.-sociated  with  asth 
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or  emphysema,  and  not  rarely  with  dilation  of  one  or  more  portions 
of  the  larger  bronchi  (bronchiectasis),  the  discovery  of  which  may 
be  facilitated  by  noticing  a  more  decided  fremitus  over  that  region 
because  of  the  more  sonorous  gurgling  in  such  a  formation.  This 
leads  to  the  related  subject  of: 

Cavemons  fremitus,  which  is  simply  that  felt  over  superficial 
cavities  of  the  lung  when  near  the  apex,  and  in  those  whose  chests 
are  thin- walled  and  emaciated.  The  vibrations  are  distinctly  local- 
ized, fine,  and  may  disappear  after  a  spell  of  coughing. 

Bronchial  fremitus  may  be  differentiated  from  pleural  fremitus 
by  the  following  points:  (a)  Location. — The  former  is  more  diffused, 
the  latter  unilateral ;  and  when  the  fremitus  is  circumscribed,  its 
occurrence  over  the  upper  and  anterior  portions  of  the  lung  indi- 
cates a  bronchial  origin,  the  pleural  being  lower,  and  either  axillary 
or  posterior,  (b)  Character. — Bronchial  fremitus  is  more  continu- 
ous, pleural  more  jerky  and  interrupted,  (r)  Rhythm. — Bronchial 
is  felt  almost  as  constantly  during  inspiration  as  during  expiration, 
while  the  pleural  is  more  apparent  at  the  end  of  inspiration  or  the 
beginning  of  expiration,  {d)  Behavior  in  Coughing. — Cough  accom- 
panied with  free  spitting  diminishes  bronchial  palpable  rales;  without 
such  looseness  they  become  weaker  at  some  points  and  present  or 
exaggerated  at  others,  on  account  of  displacement  of  the  mucus; 
pleural  fremitus  is  not  so  modified  by  cough. 

Tussive  Fremitus. — This  means  the  palpable  vil)rations  transmitted 
to  the  chest  wall  by  the  act  of  coughing  in  itself.  It  is  of  very  little 
clinical  importance  except  in  cases  of  aphonia,  when  it  may  serve  to 
indicate  physical  changes  otherwise  determinable  by  the  vocal  fremi- 
tus, increase,  diminution,  and  absence  of  the  latter  constituting  a 
superior  means  of  ascertaining  the  changes  similarly  affecting  the 
tussive  fremitus  under  usual  conditions. 

Succussion,  or  Splashing  Fremitus. — When  sensation  of  a  splash- 
ing wave  against  the  thoracic  wall  is  felt  with  the  shaking  of  the 
body,  it  signifies  the  presence  of  air  and  liquid  in  the  pleural  sac 
{hydro pneumothorax ;  pyopneumothorax) . 

Fluctuation. — Simple  fluctuation,  as  elicited  by  surgeons  in  the 
detection  of  superficial  abscesses  and  cysts  by  an  alternating  method 
of  finger  pressures,  may  be  perceived  in  cases  of  pleural  effusion 
where  the  intercostal  spaces  bulge,  as  from  an  empyema.  The  so- 
called  "peripheric  fluctuation"  (Tarral)  is  elicited  by  "giving  a 
quick,  sharp  fillip  in  an  intercostal  space,  perpendicular  to  the  sur- 
face, when  a  sensation  of  fluctuation  will  be  transmitted  to  a  finger 
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of  the  other  haii<l  firmly  applied  to  the  surface  in  the  same  space, 
a  short  distance  from  the  ])oint  percussiil."     While  this  may  detc 
mine  the*  presence  of  a  tense  pleural  effusion,  it  is  particularly  applic 
ble  in  the  detection  of  a  hydropneumothorax.     A  thickened  pleu 
would  interfere  with  the  manifestation  of  this  sign, 

Besistance. — Hie  presence  of  j)ulmonary  or  pleural  tumors  mt 
sometimes  he  localized  by  an  incrcasiHl  sense  of  resistamn;  over  tl 
gn)wths,  especially  where  the  rihs  and  interspaces  may  1k»  bulgin 
their  hard  or  soft  consistence  may  indicate  the  carcinomatous  i 
sarcomatous  characterist  ics. 

Likewise,  occasionally  the  diagnosis  of  a  pneumonic  consolidatir 
may  be  aided  by  a  relative  increas(»  of  resistance  to  the  pnlpatii 
finger,  elicited  over  the  corresponding  interspaces,  providetl  the  lur 
is  closely  a]>posed  to  the  chest  wall.  The  tension  of  a  large  pleur 
effusion  is  si  ill  more  evident. 

Again,  a  limited  an'a  of  pitting  with  finger  pressure  slowly  ar 
firmly  applied,  with  marking  of  the  cutaneous  furrows,  and  a  coi 
sislcnce  not  unlike  that  of  <lough  or  putty,  usually  points  to  a  pleur 
collection  of  pus.  This  orciirs  at  the  base  of  the  chest,  and  is  accon 
panicd  with  slight  swelling  and  inflammatory  redness  and  tendcmes 

Fnlsation. —  l*alj)ati()n  confirms  the  ocular  detection  of  |nilsatioi 
nbnormnlly  located.  Thus  is  recognized  the  pulsating  empt/nnn.  Tl 
heart  being  displacecj  to  liio  right,  in  certain  rare  cases  marktH:!  puis 
tion  lias  been  I'elt  at  the  sternal  portion  of  th(»  infraclavicular  an 
jnainniarv  regions;  Mnuetimes  pulsations  an»  found  even  on  the  le- 
lower  portion  of  the  thorax,  and  lien»  are  less  likely  to  l)e  mistake 
for  ancnri-mal  pulsations.  .\  pulsatile  movement  of  the  Inng  hf 
been  noticed  in  .-oiue  rare  instances  of  pnciumonitis  and  intrathorac 
cancer. 


CIIAPTKR    IV 
PERCUSSION 

Fundamental  Principle. — It  is  that  in  common  daily  life  we 
learn  to  distinguish  many  objects  by  the  different  sounds  they  emit 
when  struck;  such  physical  conditions  as  their  material  quality,  den- 
sity, thickness,  partial  or  complete  hollowness,  are  so  recognized. 
This  principle  is  applied  to  the  physical  diagnosis  of  the  human  body; 
organs  are  located,  their  size,  shaj)e,  and  outline  mapped  out  or  care- 
fully inferred,  and  such  properties  as  mentioned  before  determined 
in  their  normal  and  abnormal  relations  and  variations  and  sig- 
nificances. 

The  fact  that  with  this  method  of  examination  began  in  reality 
modern  scientific  diagnosis,  deserves  a  brief  look  backward,  as  an 
introduction  to  present  procedure. 

Historical  Note. — We  owe  to  tiie  Viennese  physician,  Auenbrugger, 
the  discovery  of  the  method  of  percussion,  as  described  in  his 
memorable  work  entitled  Invrntutn  nonnn  ex  prrcussione  thoracis 
Iiumani,  etc.,  which  appeared  in  1701.  The  importance  and  practical 
value  of  the  method,  being  disputcnl  and  ridiculed  into  neglect,  failed 
of  any  recognition  for  nearly  fifty  years,  when  Corvisart,  body-physi- 
cian to  Napolecm  1,  in  1808  gave  it  substantial  impetus  by  reviving 
and  commending  its  use  and  improving  its  application.  His  French 
translation  soon  led  Piorry  to  develop  further  the  method  into  the 
topographical  percussion,  and,  in  1828,  to  the  invention  of  the  plexiTn- 
eter.  Since  then,  through  the  wider  observations  and  deeper  under- 
standings of  such  men  as  Skoda,  Wintrich,  Traube,  Gerhardt,  Weil, 
W'alshe,  Sansom,  and  Flint,  chest  percussion  has  been  elaborated  into 
a  procedure  as  precise  as  auscultation,  very  often  and  usually  quite 
as  delicate  and  difficult  to  practise.  Most  important  advances  in  the 
percutory  practise  and  interpretation  were  initiated  by  Piorry  and 
Skoda;  the  introduction  and  development  of  mediate  palpatory  per- 
cussion (see  p.  84)  in  the  examination  of  the  abdominal  as  well  as 
the  thoracic  organs  being  especially  noteworthy  of  the  former;  the 
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la  tier's  discovery  of  the  physical  causes  of  many  of  the  qualities  of 
|>ercussioii  sounds  and  thoir  normal  and  pathologic  connections,  and 
his  exhaustive  contributions  to  the  subject  of  tympanicity  (1839) 
were  of  distinguished  importance. 

Definition. — Percussion  is  the  practise  of  striking  or  tapping  the 
body  to  elicit  vibrations,  to  obtain  information  as  to  the  physical 
condition  of  the  underlying  organs.  It  probably  requires  more  perse- 
verance in  acijuiring  manipulative  skill  than  any  other  method  of 
physical  oxaanination.  Such  facility  is  rixjuisite  not  only  to  bring 
out  the  true  and  characteristic  sounds,  but  also  to  allow  the  attention 
of  listening  to  i)e  concentrated  upon  those  sounds  which  it  is  the 
purpose  of  the  method  to  study.  The  mind  of  the  examiner  must  Ik* 
freely  receptive  and  intelligently  alert,  and  not  diverted  by  the  con- 
scious and  zealous  energy  of  awkward  and  laborious  manual  effort. 
To  this  end  the  student  needs  incessant  practise,  assiduously  at  the 
outset,  so  that  his  tochnic  Inn^omes  a  matter  of  automatism^  almost, 
along  the  lines  given  in  the  details  of  method  to  follow. 

METHODS   OF   PERCUSSION 

Hiere  are  two  methods  of  percussion,  inimcdiaie  or  direct^  and 

tncilifih'  or  indirrcf. 

Immediate  percussion,  by  wliich  striking  of  tlie  chest  is  perfornnMl 
(lin'clly  willi  tlu»  tips  of  tlie  fln«rors  (usually  the  second  fingor),  or 
(•v(Mi  with  the  flat  of  tlu.'  hands,  was  th(^  method  employed  by  Auen- 
l)riii:L:«'r  and  his  carlv  followors.  It  is  seldom  used  now,  not  onlv 
hccau.-c  of  the  annoyance  to  the  patient,  but  because  of  the  more 
a^HMM-jiMr  and,  so  far  as  results  are  concerned,  greatly  superior  nie- 
(lialc  nictliod  invented  hy  Piorry.  XcviMMhchvss,  there  are  cireuin- 
>ianc('>  in  whicli  this  inctliod  inav  he  resorted  to  with  advantage. 
Thu>,  where  tlien*  are  extiMisivo  ajid  marked  ditTerences  between  the 
two  >ides  of  the  <'hest,  a  ra])id  tap])inir  or  lightly  slapping  with  the 
|)alinar  surfaces  of  tlie  hands  will  often  (Hieit  quite  satisfactorily  the 
distinctive  sounds,  as  of  the  })re>ence  of  a  ]^leuritic  effusion.  The 
clearer,  nion?  resonanl  tone  over  the  upper  ])art  of  the  chest,  shading 
abruptly  into  the  duHer  note;  at  tln^  ed^xe  of  and  over  the  cardiac  and 
ho])atic  re.Lfions,  enables  one  to  delimit  the  lung-heart  and  lung-liver 
boundaries  in  thin  individuals  fairly  well.  iMirtbermore,  the  fact 
thai  th<'  sounds  thus  j)roduced  are  virtually  vil)rations  communicated 
hv  the  hones  of  the  thorax,  ijoints  to  the  added  value  oecasionallv  of 
directly  tapping  the  clavicles,   ribs,  sternum,  and   scapidae;   lightlv 
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percussing  the  clavicles  not  infrequently  indicates  the  presence  of 
subjacent  tul>ercular  infiltration,  as  1  have  demonstrated;  enlarge- 
ments of  the  heart,  aortic  aneurism,  large  effusions,  and  mediastinal 
tumors  may  also  encroach  under  the  sternum  so  as  to  be  inferable 
from  the  results  of  immediate  percussion.  The  direct  percussion 
of  the  softer  parts,  as  the  intercostal  spaces,  does  not  yield  so  clear 
and  recognizable  tones. 

Mediate  percnssion  may  be  practised  in  three  different  ways,  as 
follows:  (1)  Finger  percussion;  (2)  finger-pleximeter  percussion; 
('])  hammer-plexi meter  percussion.  That  is,  the  interposed  medium 
— the  thing  applied  on  the  chest  to  receive  the  stroke — may  be  either 
a  finger  or  a  picximeter  made  of  some  solid  material,  conveniently 
shaped  for  the  purpose;  and  the  striker,  or  plexor,  may  be  either  a 
finger  or  special  hammer.  Each  of  the  three  modes  may  yield  satis- 
factory results  if  applied  with  respective  skill  and  care,  and  when 
such  proficiency  is  acquired  it  is  wise  to  stick  to  the  particular  mode 
throughout  one's  work,  although  it  may  be  said  that  facility  in  the 
use  of  the  simple  finger  method  of  percussion  makes  it  much  easier 
to  apply  the  others  than  vice  versa.  To  change  methods  and  instru- 
ments frequently  tends  to  mediocrity  in  the  use  of  all  of  them. 

The  "clinical  supremacy"^  of  the  fingers  as  plexor  and  picximeter 
lies  in  the  fact  that  they  are,  in  the  first  place,  naturally  the  most 
handy;  instruments  artificially  made  are  apt  to  be  inconveniently 
misplaced,  lost,  or  forgotten.  Secondly,  fingers,  with  their  sense- 
organs  in  close  contact  with  the  region  percussed,  afford  more  delicate 
and  intelligent  results  than  lifeless  appliances;  especially  valuable  in 
this  connection  is  the  appreciation  of  the  degree  of  the  sense  of 
resistance  while  percussing,  to  be  referred  to  more  fully  later.  Third- 
ly, the  picximeter  finger  is  adapted  readily  to  accurate  fitting  on  the 
thoracic  surface,  excepting  at  times  the  supraclavicular  fossa.  Finally, 
the  homogeneity  of  flesh  and  bone  against  like  structure  of  the  thorax 
avoids  the  confusion  of  the  percussion  note  of  the  underlying  organ 
with  the  clacking  sound  obtained  by  striking  a  hard-rubber  picxim- 
eter, for  example. 

Pleximeters  consist  of  small  plates  or  upright  pieces  of  gutta- 
percha, ivory,  glass,  or  wood,  round,  oblong,  or  elliptical  in  shape,  so 
as  to  be  applied  to  the  intercostal  spaces.  The  picximeter  invented 
by  Piorry  was  a  thin,  circular,  or  oval  plate  of  ivory  about  2  or  2^ 
cm.  wide,  fitted  at  opposite  points  with  two  vertical  ears  roughened 
on  their  outer  aspects,  and  just  large  enough  to  permit  the  thumb 
and  finger  to  hold  it  steadily  and  apply  it  evenly  and  firmly  to  the 
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Fig.  18.  —  Sanhom'h 
Plkximktkh.  (Ty- 
son.) 


surface.     Sansom's  ple.xi meter,  a  combination  of  hard-rubber  pillar, 
and  plates  of  unec|ua1  size,  is  very  useful  in  percussing  over  small 

depressions,  as  al)ove  the  clavicles,  the  only  re- 
gion where  finger  percussion  may  sometimes  }ye 
difficult.  For  the  same  purpose  the  double  plex- 
iineter  of  Seitz,  like  a  small  tongue  spatula  with 
a  double  curve,  will  occasionallv  l)e  found  con- 
venient.  As  helpful  as  any  is  a  cylindrical  piece 
of  india-rubber,  alx)ut  the  diameter  and  two- 
thirds  the  length  of  a  little  finger,  pierced  length- 
wise with  strong  wire,  the  ends  of  which  are 
twisted  together  to  form  a  handle,  after  extend- 
ing a  short  vertical  distance  above  the  rublK?r,  and  then  bent  at  right 
angles. 

The  percussion  hammer  was  invented  by  Wintrich  in  1841.     It 
is  generally  of  moderate  weight,  has  a  firm  but  light  handle  of  wood 
or  alum  ill  in  III  fi.\e<l  to  a  heavier  metal  liead  tipped 
with  rui)l)(T,  or  ending  in  a  ring  containing  a  cylin- 
drical piece  of  india-ruhlxT. 

Technic  of  Mediate  Percussion. — (1)  Finger 
l*i:iJCi'ssi()\. — 77//'  jHisl/ion  of  the  pa/irni  should 
h(^  ji  siltin^Mn-  stnndinir  oik?  wh<MH'ver  possible,  with 
11h*  clicsl  hare,  or,  froui  motives  of  <l('lic;u'y,  a  thin 
iindrrsliirt  may  he  pcnnilled,  hut  it  iimst  he  soft 
nnrl  sMiooihrd  oiii  {'M'lily.  A^/ain,  should  (here  he 
any  dan^^cr  of  cliill.  a  pari  of  the  ehest  may  he  ex- 
posed al  one  lime,  provided  the  corresponding  re- 
;rion  oil  the  opposilc  side  is  e\])oscd  at  the  same 
time,  .-o  as  in  Jacililaic  com])arative  percussion,  or. 
wjiile  the  anterior  surface  is  being  ])ercussed,  for 
cxamph',  a  sniali  hianket.  sack,  or  ^hawl  may  pro- 
tect the  hack  and  slioiiJders.  Patients  who  are  too 
sick  or  weak  to  he  examined  in  the  sitting  posture 
should  l)e  ]>laced  ])erfectly  lev(»l,  or  s<'mirecum- 
hent.  the  hodv  and  iind»s  strai;:ht  and  ihe  shoul-  Fio.  19.--Wintkich*« 
ders  fjuile  even.  ]|  is  an  important  lact  to  he  ^^.^  (Tyson  ^ 
noted  that  the  sound<  are  apt  to  he  dulled  in 
l>ercu>>inir  ])atients  uho  an*  in  ^unken  contaci  with  hea\'v  boddinir 
and  ]>illo\vs, 

Whctlu'r   standing,  sifting,   or   lying,   the  patient   should   have  a 
coinfortahle,   easv,   relaxe«l    i)osition.      If   sittinir.   and   even    standin*' 


PERCUSSION  77 

sometimes,  it  is  necessary  to  use  a  back  support,  otherwise  the  firm 
pressure  of  the  examiner's  plexi meter  finger  may  cause  confusion  of 
results  by  the  patient's  swaying  the  body  or  unsymmetrically  holding 
tense  the  chest  muscles  for  bracing. 

In  percussing  the  front  of  the  chest,  the  patient  standing  or  sit- 
ting, it  is  often  particularly  necessary  to  obtain  muscular  relaxation 
because  of  the  habit  some  persons  have  under  examination  of  rigidly 
swelling  their  chests  out  as  if  ashamed  to  present  less  fulness.  The 
body  and  head  must  be  erect,  without  turn  or  twist  of  either,  the 
face  as  well  as  the  chest  pointing  forward;  the  shoulders  not  the  least 
shrugged  or  hold  back,  but  allowed  to  fall  easily  and  symmetrically 
forward,  while  the  arms  hang  loosely  at  the  sides. 

To  percuss  the  lateral  and  axillary  regions  it  is  necessary  to  have 
the  arms  drawn  back,  or  still  better,  raised  by  the  hands  clasped  over 
the  head. 

In  percussing  the  hack,  the  patient  should  stoop  forward  with 
arms  folded  and  a  sligbt  sbrug  of  the  shoulders,  thus  exposing  more 
of  the  chest  by  the  outward  lift  of  the  scapula. 

The  effects  of  the  variation  of  attitude  upon  the  movable  l)orders 
of  the  lungs,  and  their  relations  to  such  movable  adjacent  organs  as 
the  heart  and  liver,  will  be  mentioned  later  (see  topographical  per- 
cussion). 

The  pleximeter  finger  is  usually  the  middle  one  of  either  hand, 
according  as  one  is  right-  or  left-handed.  It  should  be  placed  hori- 
zontally between  the  ribs,  firmly  and  flatly,  and  with  the  same  degree 
of  pressure  and  on  the  same  parallel  at  the  same  relative  position 
to  any  given  vertical  line  on  the  two  sides  before  a  higher  or  lower 
interspace  is  percussed,  and  thus  always  comparing  similar  parts  on 
the  two  sides.  By  percussing  in  this  manner  only  can  the  purest  and 
most  distinctive  lung  sounds  be  elicited,  so  far  as  the  pleximeter  finger 
is  concerned.  On  thin  chests  it  is  practically  impossible  to  apply 
this  finger  evenly  except  parallel  to  the  ribs,  whether  between  them 
or  on  them.  The  true  note  is  modified  bv  the  cushion  of  air  under 
a  finger  placed  slantwise  or  vertically;  also  when  the  bones  are  per- 
cussed; but  if  the  comparative  method  is  strictly  adhered  to  there  is 
less  likelihood  of  inaccuracy.  Not  infrequently,  however,  it  is  con- 
venient or  advantageous  to  apply  the  finger  at  various  angles  to  the 
ribs,  as  in  outlining  organs;  in  such  cases  the  tip  of  the  finger  may 
be  laid  in  the  interspace  so  as  to  avoid  pressure  against  a  rib;  in 
stout  individuals,  where  the  chest  wall  is  thick  and  smooth  with  flesh, 
this  is  not  so  necessary. 
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In  some  parts,  as  the  supraclavicular  and  axillary,  to  avoid  a  con- 
strained (UHiculty  of  percussion,  the  side  of  the  pleximeter  finger  may 
he  laid  on  the  tissues,  and  the  stroke  received  upon  the  lateral  bony 
prominence  of  the  terminal  phalangeal  joint. 

Valuable  information  may  more  readily  bo  obtained  sometimes 
by  using  the  four  fingers  of  the  pleximeter  hand  laid  in  as  many  in- 
terspaces, each  finger  being  percussed  successivel}"  with  a  single  stroke. 
Slight  differences  in  sound  near  the  borders  of  the  lungs  and  adjacent 
are  thus  especially  well  brought. 

The  plexor  finger  is  usually  the  second  or  middle  one  of  the  right 
hand  (for  right-handed  examiners).  Beginners  and  those  who  have 
never  accjuired  that  facile  resiliency  of  jKTcussion  stroke  so  essential 
for  skill  and  satisfactory  results,  are  ])rone  to  use  two  or  three  fin- 
gers to  percuss  with,  endeavoring  to  make  heaviness  of  blow  bring  out 
the  sound;  whereas,  if  from  the  first  close  and  patient  attention  to 
the  details  of  a  proper  technic  be  given,  and  the  diligent  practise  of 
them  he  persevenMl  in,  a  clearer  note  from  a  lighter,  single-fingereil 
stroke  may  be  elicite<l,  and  the  patient's  discomfort,  and  resentment 
]>erhaf)s,  avoided.  Habitually  does  one  see  the  sophomore  '*  med,*' 
when  commcMioing  to  learn  percussion,  imitate,  as  he  thinks,  his 
teacher's  method  after  a  su])erficial  observation,  and,  without  a  con- 
centrated study  of  the  conditions  and  factors  of  successful  percussion. 
proceed  vi«r^)n)nsly  to  practise  in  a  faulty  and  discouraging  manner 
that  daily  hecoines  more  and  more  difhcnlt  to  correct  and  eradicate. 

What  are  those  points  to  be  slninned  that  are  at  the  same  time 
so  easily  drifted  into?  In  tlu?  first  place,  a  constrained,  awkward. 
and  unsyinnietrical  position  on  the  part  of  the  examiner  with  regard 
to  tli(>  patient,  The  former  should  so  ])lace  himself  that  perfect  free- 
dom, fulne>s.  and  conifoi'l  of  action  may  he  obtained,  and  maintain 
as  nearly  a-  j)os<il)le  e(pial  distances  hetweiMi  tlie  listening  ear  and  the 
rrspei'tivr  pai'ts  percussed. 

{fi}  'i'lie  ph'.Nor  lin.ix«'r  may  not  he  Hexed  enough;  it  should  he  l)ent 
sulliciently  at  the  second  or  middh*  joint  so  that  the  tip  of  thf 
lin;r<'r  l'all>  ]><M-pendicidarly  upon  the  ])le.\imeter  finger,  the  distal 
joint  heinL*"  li.\<'d  a<  riiridly  as  jMxsihle:  any  variation  from  this  prac- 
tix^  only  weakens  and  alt«'r>  the  true  character  of  the  sound,  a  slant- 
in;:  blow  hcinL*"  a  thihhy  on(\ 

(/>)  Too  often  llie  sirol<i^  is  heavily  drlivenMl  from  the  elbow,  or 
shoulder  even,  which,  with  the  precr<linir  faidt.  causes  the  patient  to 
he  disjij^recahly  pushed  instead  of  percussed:  tlu^  movement  should 
sprifuj  front  the  wrist  and  be  sinudtaneously  reenforced  by  movement 


PERCUSSION  79 

at  the  knuckle.  It  is  only  by  accomplished  wrist  action  that  uni- 
formity and  ffexibility  of  technic  are  acquired,  and  reliability  and 
nicety  of  results  obtained. 

(c)  A  lingering,  poking,  slow  stroke — ^that  is,  slow  in  lifting 
from  the  pleximeter  finger  after  the  delivery — is  an  essential  fault; 
the  blow  must  be  quick — that  is,  short  in  duration  of  contact ;  there- 
fore it  must  have  the  rebounding,  elastic  quality,  as  of  a  piano  ham- 
mer without  the  dampening  effect  of  the  soft  pedal ;  or  the  tap  should 
be  given  with  such  immediate  removal  of  pressure  after  contact,  as 
if  one  were  percussing  resilient  rubber — smartly. 

((/)  Bearing  in  mind  that  we  must  compare  similar  parts  on  the 
right  and  left  sides  of  the  chest,  proJuufjed  percussion  over  one  spot 
may  prolong  the  im pression  to  the  ear  so  as  to  interfere  with  its  sensi- 
tiveness to  adjacent  differences:  the  location  of  the  fingers  should 
be  changed  after  two  to  four  successive  strokes;  indeed,  it  is  better 
to  make  fre(|iu'nt  brief  comparisons  back  and  forth  than  to  be  satis- 
fied with  one  or  two  prolonged  hammerings. 

(e)  The  percussion  blows  should  be  delivered  with  moderate  ra- 
pidity— about  two  per  second.  When  the  blows  are  made  too  rapidly 
interference  waves  hinder  the  production  of  clear,  distinct  sounds. 

A  few  further  considerations  require  careful  notice. 

The  force  of  the  strokes  ordinarily  should  be  moderate,  always 
uniform  on  the  regions  compared,  never  painful  to  the  patient.  Ex- 
aggerated force  must  be  particularly  guarded  against  when  two  or 
three  plexor  fingers  are  used  at  once,  and  then  care  should  be  exer- 
cised to  strike  with  them  evenly.  For  simple  clinical  purposes  the 
light,  practised  stroke  given  with  one  finger  is  forcible  enough;  for 
purposes  of  demonstration  to  a  small  group  of  listeners,  even,  I  have 
found  it  sufficient. 

Whether  forcible  or  gentle  percussion  is  to  be  employed  depends 
upon  the  special  conditions,  and  the  object  in  view  in  each  particular 
case.  In  a  general  way  the  following  considerations  may  serve  as 
guiding  rules,  reserving  other  more  specific  ones  for  the  subject  of 
topographical  percussion  of  the  lungs.  The  stroke  should  be  rather 
forcible  in  examining  those  regions  of  the  chest  that  are  thickly 
overlaid  with  flesh — ^the  decidedly  muscular  and  the  decidedly  fat 
individuals.  The  clear,  resonant  pulmonary  sound  cannot  be  well 
elicited,  for  instance,  in  the  mammary  and  scapular  regions  for  ob- 
vious reasons,  unless  forcible  percussion  is  used  to  make  the  vibra- 
tions penetrate  the  thick  wall  of  the  chest.  On  the  other  hand,  lighter 
strokes  suffice  in  the  infraclavicular  and  axillary  spaces.     The  per- 
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1.  RTRONO  =  pulmonary 
rem  malice  impaired 
by  liver  dulnem 


2.  GBKn.B  -  pulmonary 

rettoiiance 

3.  Ukmtle  =  liver  dull 


cussion  blow  must  also  bo  much  less  forcible  in  children,  in  whom 
the  thoracic  walls  are  relatively  thin  and  elastic,  than  in  adults,  ex- 
cept those  who  are  very  ema- 
ciated. Indeed,  energetic 
strokes  in  such  cases  set  into 
A  vibration  such  a  large  volume 

LUNG  \\  \  of  surrounding  tissues  that  the 

quality  and  underlying  phpi- 
cal  causation  of  the 
sounds  to  be  defincil 
over    a    small,    cir- 
cumscribed  area  are 
hidden  or   eonfujied. 
Nothing  short  of 
ease    and     elasticity 
of  wrist    percussion 
will  enable  one  so  to 
varv  the  force  of  the 
stroke     that     under 
all  circumstances 
satisfactorv      result- 
may   be    obtained. 
For  this    purpo>o   I 
liave   alwavs   roeommendiHl   t<> 
students    constant    practise    iii 
their    studv    tables    by    lavinL' 
the  whole  forearm  flat  and  al- 
most limp  upon  the  uiieoveml 
wood,   and   thus  perseveriu<rly 
<rettin<j:    the    automatic     wrist 
and   fmger  habit.      Variations 
of  the  blow  may  be  made  lM)ih 
in  force  and  lo(»ation,   as  over 
a  tal)lc  le<r,  to  note  the  ditTer- 
(»nt  sound  effects;  also   with  a 
tliin  table  cover  applied,  and. 
rMi-in<r    ihc    arm,     striking:    a 
book  or  a  ])1  ex i meter. 

A  contraindication  to  ix^r- 
cii-sion  slioiild  be  mentiont^l 
licrc,  naiiielv,  in  those  ea.ses  of 
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-4.  STRONG  =  tympanitic 
resonance 

6.  (iENTLK  =  liver  dulness 


ti.  Grntle  =  tympanitic 
resuuauce 


Tn;.  2r). —  I)ia(;uam  siiowiNri  thk  Rattoxale 

ANI>    Ini-ITY  nv   \'aK^1\(J   llIK    I'OKCK   <  H" 

rni:  rKucif-^ioN  Siuokk.  A  strong  •'^troko 
:»«i  :it  1  <irvflnps  docp  (luliifss  and  locates 
tlic  upprrhonlrrof  tin*  liviT.  wliiloa  m'lith; 
sirokr  ill  the  .«ani(?  spot  jjivj.-s  only  puli no- 
nary rc>i)nanfr'.  A  jrrnth?  st  rt)koat  'J^ivcs 
pulmonary  rr-onanc«*,  anil  the  next  ^L-ntlo 
Mroko.  ',\,  ^ivcs  livrr  dulnr.--,  thus  locating 
t  he  lowfr  (>•!«:<•  <>l  the  liniir,  while  a  powerful 
.stroke  at  'J  will  nivr  mainly  liver  dulnesH. 
(lentle  stroke  .">  is  slight ly  dull,  and  genth* 
stroke?  0  is  umni^takahly  tym])anitic.  thus 
marking;  the  l)ound!iry-line  between  thin 
edge  nf  liver  aiiil  air— containing  inter- 
line, while  strong  ^itmki'  t  elicits  tympa- 
nitic rcMMiaiici'.      (Mutlrr.) 
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pulmonary  tuberculosis  who  shortly  before  examination  have  suffered 
fronx  a  hemorrhage,  or  who  may  at  the  time  be  bleeding  from  the 
lungs.  Especial  care  required  in  certain  cases  of  pneumonitis,  cav- 
ities, etc.,  will  be  referred  to  further  in  connection  with  those  sub- 
jects. 

(2)  Finger-Pleximeter  Percussion. — When,  as  intimated  be- 
fore, it  becomes  awkward,  difficult,  and  unsatisfactory  to  apply  a 
finger  as  pleximeter;  or  when,  as  sometimes  happens,  the  interposed 
finger  becomes  painful,  swollen,  and  even  ecchymotic,  as  I  have  seen 
occur  in  dispensary  and  ward  hospital  work,  where  numbers  of  chests 
have  to  be  percussed,  the  use  of  an  artificial  pleximeter  becomes 
a  necessity.  The  part  of  the  finger  usually  struck  is  just  back  of 
the  nail,  where  normally  there  is  a  rich  capillary  circulation ;  and 
therefore  prolonged  percussion  here  may  easily  set  up  a  painful 
hyperemia  during  a  series  of  examinations,  although  this  can  be 
prevented  by  striking  the  middle  phalangeal  bone  instead  of  the  distal 
one,  habitually  or  temporarily.  However,  it  is  in  such  cases  that  a 
Sansom's  pleximeter,  for  example,  may  be  substituted. 

In  applying  the  pleximeter,  the  same  care  regarding  firmness 
and  evenness  should  be  observed  as  with  the  finger.  It  should  not 
1)0  forgotten  that  because  of  its  hardness  an  ivory  or  celluloid  or 
gutta-percha  pleximeter  may  be  pressed  so  firmly  as  to  hurt ;  and  that 
l)ecause  of  its  coldness,  according  to  the  weather,  it  may  produce 
disagreeable  chilliness  of  the  surface,  and  must  be  hand-warmed 
before  using. 

Again,  judicious  allowance  must  be  made  for  the  sound  produced 
in  striking  the  pleximeter  itself,  and  not  let  its  clack  overshadow  the 
chest  sounds  from  within.  This  may  be  guarded  against,  in  one  way 
at  least,  by  preserving  shortness  of  the  nails,  and  by  insuring  the 
contact  of  the  plexor  finger  at  its  rounded  end,  about  midway  between 
the  nail  and  the  palmar  pulp. 

(3)  Hammer-pleximeter  Perci'ssiox. — This  method  is  the 
easiest  to  master,  but  is  generally  too  ostentatious,  and  may  be  terri- 
fying to  timid  patients.  Nevertheless,  it  has  a  few  occasional  advan- 
tages. Thus,  until  finger  percussion  has  been  learned  with  skill  suf- 
ficient to  elicit  the  true  sounds  of  a  given  region  the  student  may 
practise  the  recognition  and  discrimination  of  those  sounds  brought 
out  more  distinctly  with  the  percussion  hammer  and  pleximeter — 
train  the  ear  while  the  fingers  are  catching  up.  The  hammer  taps 
should  be  delivered  with  equal,  gentle  force,  equal  frequency  and 

rapidity  on  the  two  sides  and  similar  areas  of  the  chest. 
8 
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Wlion  for  any  reason,  as  for  the  detection  of  deeply  seated  growths, 
consolidations,  and  cavities,  it  is  desired  to  make  the  vibrations  pene- 
trate (lei^per  into  the  thorax,  hammer-pleximeter  percimsion  is  a  useful 
adjunct.  In  other  cases,  the  erroneous  results  one  is  apt  to  be  led  into 
hy  the  too  pcni'trative  power  of  this  method  setting  into  vibration 
too  large  volumes  of  resounding  substance,  and  the  disadvantage 
of  the  sense  of  resistance  e-\]>erienced  in  finger  percussion,  may  be 
avoiiled  hy  ]M»rcussing  witli  a  very  light  stroke,  and  by  grasping  tlie 
haiiniier  not  at  tlu^  end.  hut  at  the  middle  of  the  handle,  and  at  the 
same  time  keeping  the  index  finger  closely  applied  to  the  hammer 
head. 

\Vi'  may  suninmrizr  hy  stating  that  finger  percussion  is  the  most 
vjjluahle  nnd  generally  us(»l'ul  metiiod.  really  must  be  aecjuired  sooner 
or  later,  and  although  the  most  difiicult  to  gain  technical  skill  in, 
wlu'H  oneo  achieved  yiekls  the  hest  results,  and  makes  easy  the  prac- 
tise of  other  metliods,  which  is  not  true  conversely.  Again,  the  im- 
j)oriaiiee  of  always  nnnimriiuj  (^)rri»s]K)nding  ])ortions  on  the  two 
sidej^  under  the  same  conditions  of  posture  and  teehnic  must  not  be 
forirolleii. 

Respiratory    Percussion. — Ordinar}'    quiet   respiration    does   not 

afTecl  ilic  eoiistjincy  of  th(»  percussion  sound,  which  is  of  average  qual- 
ity in  llii<  respect.  r>iit  to  nuik(*  assurance  douhly  sure,  the  two  side* 
(»r  the  ( lu'-l  slinuld  he  jMTcussed  comj)aralively  during  the  same  staijes 
of  the  hrcatliin^^  act  ;  tliat  is,  a  note  elicited  during  inspiration  on  the 
riuHit  side  sliouhl  he  conipai'ed  with  one  during  inspiration,  and  not 
expiration,  on  the  left  side,  and  vice  rrr.sfiy  especially  if  the  hreathinff 
i>  a  little  exaiTL^e rated. 

1'he  term  rrspinihiri/  //r/vw/.sx/o//  is  more  specifically  ap])lioil,  how- 
ever. U)  the  jM'reej)tir)n  of  dill'erences  of  sound  at  the  end  of  a  dwp 
iii-{)iration  or  of  a  full  e\i)iration,  the  ])ationt  holding  the  breath  in 
(•ach  in-tan<o.  'I'lu*  conditions  afTcM'ting  this  test  in  general  will  l>e 
noted  in  discn^sinLr  ilie  altrihntes  of  sounds  obtained  in  percussin<r 
ov<'r  tile  limits. 

Auscultatory  or  Stethoscopic  Percussion. — This  useful  nielluHl, 
\siiieli  de>«T\e>  nuicli  more  pract ieal  attention  and  application  than 
ii  has  reeeived,  was  introduced  hy  Drs.  Cammann  and  Clark,  of  Now 
York,  in  IS  10. 

The  iiietiiod  coMiJMne-  listeniniT  Avitli  the  stethoscope  with  per- 
cussion. The  orii^niij,]  slcMhoseope  of  (*ammann  w^as  a  solid  piciv 
of  wood  ahout  six  inehes  in  lenirtli  and  three-fourths  of  an  inch  in 
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STCTHOSCOPC. 


diameter,  with  an  ear  piece  firmly  attached  to  it.  The  binaural 
stethoscope  is  now  used.  The  tcchnic  consists  in  placing  the  chest 
piece  of  the  latter  (the  bell  of 
which  should  be  small  enough 
to  rest  snugly  between  the  ribs) 
over  the  organ  whoso  outlines 
are  to  be  studied,  and  percuss- 
ing lightly  toward  it  from  dif- 
ferent points  beyond  the  sup- 
posed borders  of  the  organ, 
tumor,  or  other  pathologic  for- 
mation. At  times  it 
may  l>o  more  satisiac-  cONDUf 
tory  to  have  an  as.^i^it- 
ant  hold  the  chest  end  of  the 
stethoscope;  or,  as  some  pre- 
fer, po  as  to  avoid  the  modify- 
ing vibrations  of  the  bony 
thorax,  the  percussion  notes 
may  he  listencil  to  with  the 
boll  of  the  stethoscope  sus- 
pended a  little  above  and  near 
the  point  of  percussion.  Again, 
as  with  the  use  of  the  plionendoseope  (see  instruments  for  ausculta- 
tion) for  the  same  purpose,  instead  of  pleximelric  percu'--ion  a  strok- 
ing or  scratchmg  with  the 
index  finger  may  be  done 
upon  tlie  skin  near  the 
chest  piece,  the  changes  of 
sound  conducted  being 
thus  noted. 

By  this  method  the 
sounds  produced  are 
louder  and  more  distinct 
than  when  communicated 
simply  through  the  air 
without  the  aid  of  a  steth- 
Fio.22.-n.AOFAi.BHow,NOT«Kl.iNK«TowHi<:H  oscopo.  Bcsidcs,  changes 
AirncuLTATOKY  Pehcuhbion  bhould  he  Cab-      in   qvolily  and   pifch   are 

niF.D  m  Okder  TO  Outline  AN  OniiAN.   Tlie       ^„^      _  _      ii 

c.nt™l  circle  repre^nl,  the  ch«t  piece  of  th«        ""*"^      """^^       ^^-^''^       '" 

stethoscope.    (Butler.)  passing  thc  boundaries  of 


84  PHYSICAL   DIAGNOSIS 

organs,  and  hcn(?c  the  lattiT  may  be  marked  more  precisely.  Tli 
cliaracter  and  intensity  of  the  percussion  note  continue  the  same  ? 
long  as  the  stethosco[)e  and  finger  are  over  the  same  organ  or  pathc 
logic  formation ;  Imt  iKHfome  altered  and  weakened  at  once  when  th 
limits  are  reached  hy  either.  The  value  of  the  application  of  thi 
di^licale  technic  in  the  outlining  of  such  organs  and  morbid  condi 
tions  as  the  iieart,  stomach,  liver,  and  spleen,  and  thoracic  aneurisii 
is  (juite  evident,  and  as  employed  there  will  be  describiHl  under  thei 
t()p()graj)hie  examination.  However,  in  delimiting  the  lung  l)orderr 
and  even  the  l()l»es  of  the  Uings,  in  discriminating  a  pulmonary  con 
solidation  from  a  pleural  efTusion,  and  Imth  from  normal  or  enlar^rii 
liver,  auscultatory  ]HM'cussion  may  1x5  of  marked  service.  (Sec  Fig? 
21  and  :12.)  As  Cabot  points  out,  to  insure  reliable  results  from  thi 
method  th(^  pcMvussion  must  he  made  ahmg  arcs  of  circles  in  approarli 
ing  tlie  ])resunu'<l  borders  of  an  organ,  thus  keeping  the  chest  piee 
at  all  times  and  in  changing  locations  at  an  equidistant  center,  othei 
wise  the  intensitv  and  <iualitv  of  the  sounds  transmitted  will  vary  wit 
the  longer  or  shorter  lines  of  distance  and  so  give  the  false  impres 
f^ion  of  dilTerent  organic  tissues. 

Palpatory  Percussion. — Not  only  do  we  study  the  sounds  elicite 
by  (>ereussion,  but  the  scnsntujn  of  rrsustance  to  both  fingers,  esjx 
cially  llic  ])l('.\(>r  finger,  is  also  appreciated.  It  partakes  of  ]ialpatio 
MS  Well  as  of  penussioM.  It  is  inllueneed  by  the  degree  of  mjmciin  rj 
////■  un(/rrlf/iiii/  jmrfx  in  rihnilr;  tli(»  sense  of  resistance  is  slight  ovii 
{lir-(•olllaillinL^  resilient  lis.-ue.  while  the  denser  the  structure  ih 
.i:n'aler  the  resisiaiirt*. 

11  is  the  e>iiiiialiun  <»f'  ihi>  amount  of  resistiuice  which  enters  mo? 
<'»enlially  into  the  perrorinance  of  pnlptihtri/  percuiision^  which  n. 
sorts  \n  a  >nv\  of  pii>liinir  stroke.  Two  or  three  fingers  of  the  plexr 
liaiitl  are  partly  llrM-d  «)  tiial  the  j)iilps  strike  or  push  against  tli 
pli'xinieter  fin.LTer  iVoni  a.  <]i<»rter  distance  above  the  latter  than  i 
onliiiary  ])errii-.>inn,  and  tin'  relHiunding  stroke  is  also  replaced  b 
loUL^j-r  <M.ntaet — **  palpatini:  stroke."  To  some  clinicians  palpator 
pj'rei!->i(ni  i-  often  more  <lr|icaie  than  auditory  |MTCUssion  for  tli 
pur|»n.~r  of  rnapj)inir  '»iit  orL^•ln-.  The  W'j^hx,  inaudible  tapping"  olieii 
\ii)ratory  >«n.-ations,  the  p<'n-epii«>n  of  Avliieli  is  attributed  by  the  Kui 
>inn.  Tranoir.  to  a.  >ni'[  dt'  <|ri-inal  lieariii;:' — the  ability  of  the  .ski 
to  «iiiren'niia!«'  tin-  (jiiality.  I'nree,  and  pitch  of  peripheral  vibration 
When  l'orcil)hj  aiiditorv  |u'r<n<>inn  i<  conlraindicated,  as  in  honioi 
ty<is,  or  when  it  i^  iiseh'>>,  a>  in  ci'vimr  children,  or  when  the  phvs 
ciau's  ^cn>e  of  iiearin.L'"  i-  d'-rective,  thi-  method  may  bo  invahiabh 
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though  every  physician  should  endeavor  to  cultivate  his  "  skin-sense 
of  vibrations/'  The  method  is  not  as  commonly  used  in  this  country 
as  in  (icrmanv. 

Snperficial  and  Deep  Percussion. — niese  terms  are  used  frequently 
to  describe  respectively  the  lighter  blows  given  to  elicit  sounds  only 
from  tissues  directlv  under  the  chest  wall,  as  the  thinner  lavers  of 
lung  partly  covering  the  heart  and  liver,  and  the  heavier  blows  given 
to  bring  out  the  sounds  of  pathologic  formations  deeply  situated  in 
the  lungs,  or  of  solid  organs  overlapped  considerably  by  the  lungs. 


THORACIC    PERCUSSION    SOUNDS 

The  foundation  fact  upon  which  the  practise  of  percussion  of  the 
body  depends  is,  that  some  of  the  principal  organs  contain  air  or  gas, 
or  both,  and  that  there  are  more  or  less  characteristic  differences  in 
the  sounds  produced  by  percussing  over  them  on  account  of  certain 
normal  (mainly  anatomic)  conditions,  and  pathologic  changes  affect- 
ing them  or  contiguous  organs  or  tissues. 

To  understand  and  interpret  these  variations  of  sound  one  must 
be  acquainted  with  the  physical  properties  that  characterize  them, 
for  it  is  upon  a  clear  perception  and  analysis  of  these  that  their 
diagnostic  significance  rests.  After  a  time  they  become  distinguish- 
able with  a  speed  that  seems  intuitive,  but  is  simj)ly  the  outcome  of 
an  established  and  assured  habit  of  |)ainstaking  and  precise  recog- 
nition. 

J\»rcussion  over  air-containing  structures  gives  rise  to  a  more  or 
less  clear  tone,  of  a  resounding  character  over  normal  lung,  drumlike 
over  the  stomach  and  bowels. 

But  when  we  percuss  over  solid,  airless  tissues  or  organs,  the 
sound  elicited  is  absolutely  dull  or  deadened,  like  that  obtained  by 
striking  upon  the  thigh,  hence  also  '*  thigh  sound.''  It  lacks  the 
uniformity  and  regularity  of  vibrations  of  the  clear,  almost  musical 
tones  from  percussed  organs  containing  air,  as  the  pulmonary  vesicles ; 
it  is  a  noise,  dead  and  flat. 

As  there  are  many  gradations  between  the  tonelessness  elicited 
over  solid  organs  and  the  clearness  of  normal  pulmonary  resonance, 
and  as  both  extremes,  and  the  intervening  grades  of  "  impaired  reso- 
nance "  or  "relative  dulness,"  are  really  recognized  by  their  physical 
attributes,  an  analytic  study  of  these  is  necessary  before  their  special, 
practical  application  is  made  in  the  percussion  of  the  normal  and 
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])ath()1()^ic  lun^s.  Ilowcvor,  the  relation  of  these  acoustic  elements  tn 
illustralivo  hoallhy  and  inorl>i(l  (H>mlitions  of  the  lungs  will  be  desig- 
nated in  a  general  way,  in  preparation  for  the  easier  apprehension 
of  their  significance  in  the  diagnosis  of  the  special  pulmonary  diseases. 


ATTRIHITRS  OF  PERCUSSION  SOUNDS 

In  judging  ]>erciissi()n  H^und>,  wc  note  four  attributes:  (A)  Qual- 
it  If:  (H)  infrnsitf/  or  rolunw;  {C)  piirh;  (D)  duration.  None  of 
thcM'  can  actually  or  adc<|uately  Iw  learned  from  descriptions  alone: 
they  must  he  rerognizinl  by  ear  practise,  to  which  the  definitions  and 
illustrations  here  given  may  render  intelligent  direction  and  |H?r- 
cc]>tion. 

( A )  Quality,  in  ])hysics,  is  that  peculiar,  essential  property  which 
distinguislics  sounds  from  dilTercnt  sourci»s,  although  the  other  prop- 
erties may  be  alikr.  It  corres])onds  to  the  timbre  of  a  musioal  tone,  by 
which  w<'  appHM-iate  its  instrumental  source,  whether  of  the  stringetb 
hrass.  or  rrrd  rla>s,  whether  a  single  instrument  of  each  class,  as  a  violin, 
tronii)one.  or  rlaririet,  regardless  of  similarities  or  alterations  of  pitch 
an<l  inicnsitv.  (Quality  is  tliat  distinct  characteristic  of  a  sound  which 
triakcs  it  wliat  it  is,  and  which  it  cannot  lose  '*  without  ceasing  to  he." 

(iivcn  ilw  ;i>-«Mi;ih(l  slniclnral  conditions  of  a  pi]>e-orgrtn  or  harji, 
i'it]'  «\;iiii|)l«',  iIm'  l<)n«'>  of  which  one  has  heard  often  enough  to  U* 
rMiiiili.ir  wiih.  jind  ;i-  cillier  in-^trnment  mav  lli<*n  be  readilv  rec<»'r- 
ni/«M|  l.y  il-  ImiimI  (|njilily,  llnnigh  not  visihle  to  llie  listener,  so  one 
iiiii-i  Mri\«'  t')  iMJn  raniilijirily  with  normal  and  abnormal  physical 
(•(•iidii  i<»ii-  iiinl  (h.inLrc-  of  the  lung<  by  and  through  the  cpiick  jht- 
<'<|)ii«»ii  n\\  ;nnl  -wif'  (Irdiiclion  from,  the  attribute  of  quality. 

A-  irnli<Ml(i|  lirr«»n',  there  are  two  extremes  of  (juality  heard  in 
]M'i'(n-^in:r  omm-  ih«'  liini^-  (or  hody):  (1)  the  clear  soun*!  of  air- 
coiiiMiniiiL:  lis-iie:  ( •.' )  tln»  iJitnl  or  iihsttJutchj  dull  sound  of  airless 
ti»ii<'.  Thf  icrin  clearn«'<s  is,  of  coursi\  a  relative  one,  its  dcgnv 
dejM'ihlini:  iijxmi  ilir  volume  nf  air-containing  tissue,  other  thing? 
l)eiii.L'"  e(|ual. 

W'c  iiM'ri  wiili  two  (li-iind  (|iialitie-  of  clear  sound:  (1)  nouhpii' 
jHinific  (M'  nsnniuil  >«>iind  :  ('I)  lifm/"inHif  sound. 

(  1  )  l»i>o\  wr  SoiM). — The  former  of  lliese,  more  conimonlv 
d("»ignai«Ml  a^  the  nurnidl  jnil nmiKU-ji  n  -ii>nniiri\  or  normal  rrsiculnr 
rcsfifninrr,  \<  ilic  cliaradcrisiic  clear  lung  soinul  elicited  by  percussing 
over  healthv  ve-ieular  air  <l rue! lire  ph\sioh)'ni'allv  distended.  Al- 
thougli   its  (piality  ha-  heen   likened  lo  ilie  soun<l  obtained  bv  gentlv 
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striking  a  drum  covered  with  a  thick  woolen  cloth  (Auenbrugger), 
or  to  that  produced  by  percussing  over  the  upper  crust  of  a  loaf  of 
bread  covered  with  a  towel  (Flint),  nevertheless  its  sni  generis  quality 
must  be  heard  and  learned  by  experience  from  each  individual  exam- 
ined rather  than  from  any  description,  however  discriminating.  Pul- 
monary resonance  is  distinctive  enough  to  permit  variations  from  the 
normal  to  be  easily  recognized. 

The  quality  of  the  normal  pulmonary  resonance  is  probably  influ- 
enced bv  the  peculiar  sound  contributed  bv  the  bonv  formation  of  the 
chest  wall,  as  when  the  slightly  inflated  lung  that  has  been  removed 
from  the  dead  body  is  percussed,  the  sound  is  drumlike  or  tympanitic. 

The  clearness,  though  not  the  distinctiveness  of  note,  is  modified 
a  little  also  according  to  the  locality  percussed,  owing  to  the  effect 
of  intervening  thoracic  bone,  muscle,  and  fat.  This  will  be  pointed 
out  more  appropriately  under  topographic  percussion.  The  typical 
quality  of  normal  vesicular  resonance  is  usually  best  heard  in  per- 
cussing over  the  left  infraclavicular  region,  or  below  the  scapular 
angles  in  chests  that  are  not  fat  or  too  muscular.  Sometimes  I  have 
found  it  helpful  in  demonstrating  the  pulmonary  resonance  to  per- 
cuss over  the  empty  stomach,  and  thus  compare  the  clear,  tympanitic 
quality  of  the  latter  with  the  characteristic  reverberating  variety  of 
the  former;  the  differences  of  sound  are  pronounced,  so  that  their 
pathologic  association  may  more  readily  be  detected,  as  in  the  occur- 
rence of  cavity  of  the  lung  (tympanitic  quality  with  high  pitch). 

The  cause  of  the  normal  vesicular  resonance  is  probably  the  com- 
bined vibration  of  the  chest  wall,  alveoli  of  the  lungs,  the  bronchi, 
and  their  contained  air.  Therefore,  the  clearness  or  fulness  of  reso- 
nance will  depend  upon  the  conditions  of  these  elements. 

The  modifying  conditions  which  give  rise  to  variations  in  the  tone 
of  resonance  in  health  are  the  following  four: 

(a)  Thickness  of  the  Chest  Wall. — The  greater  the  thickness 
the  duller  the  resonance,  and  vice  versa.  Muscularity,  unless  very 
markeil,  does  not  influence  clearness  very  much.  On  the  other  hand, 
the  thick  layers  of  nonelastic  adipose  tissue  in  stout  individuals  dulls 
the  resonant  quality  considerably.  Per  contra ,  percussion  over  the 
emaciated  chest  of  a  patient  with  healthy  lungs,  but  dying  with  cancer 
in  the  abdomen,  elicits  very  clear  resonance  with  ready  facility. 

(b)  Influence  and  Resilience  of  the  Osseous  and  Cartilaginous 
Framework. — Since,  as  mentioned  previously,  the  healthy  lung  re- 
moved from  the  body  yields  a  tympanitic  or  drumlike  sound  when 
percussed,  it  is  owing  to  the  material  influence  of  the  thoracic  wall 
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in  the  living  subject  that  percuflaion  over  its  surlioe  currespond- 
ing  to  the  pulmonary  r^ona  elidtB  the  special  quality  of  the  twc- 
ular  resonance,  or  '^  muffled ''  tympanitic  soond,  as  it  has  been  called. 
It  should  be  borne  in  mind  that  bone,  vhen  thinly  covered  and  per- 
cussed, has  a  peculiar  resonance  of  its  own.  This  ia  paiticnlariy 
marked  as  r^ards  the  sternum,  and,  to  a  digfatly  lesa  degree,  the 
clavicles  and  ribs.  The  close  and  cagelike  framework  of  the  boies 
of  the  thorax  permits  the  vibrations  of  a  percussion  Uow  to  be  trans- 
mitted generally  over  other  portions  of  the  bony  thorax.  It  is  for 
this  reason  that  the  percussion  strokes  should  be  delivered  mostly  in 
the  intercostal  spaces  so  as  to  get  the  purest  lung  sound.  The  sternum 
acts  as  a  natural  sounding-board,  and  unless  the  anterior  mediastinum 
is  practically  filled  with  a  mass  of  firm  tissue  the  sternal  note  is  nni- 
foiinly  and  peculiarly  resonant,  seemingly  gathering  up  and  intensi- 
fying the  totality  of  pulmonary  and  mural  vibratums  set  up. 

The  clearness  of  the  lung  resonance  likewise  depends  npon  the 
reMience  of  the  osseous  thorax,  and  this  upon  the  age  of  the  subject 
In  children,  whose  ribs  are  very  fiexible,  the  resonance  is  decidedly 
clearer  than  in  adults ;  on  account  of  the  more  rigid  and'  resistant 
conditions  of  the  chest  wall  in  the  latter,  especially  in  the  aged,  there 
is  more  interference  with  the  purity  of  the  lung  sound  on  percussion,  * 
and  an  overshadowing  prominence  of  the  "wooden**  bony  sound. 

(c)  Amount  of  Air  Within  the  Respiratory  Tract. — ^The  vesicu- 
lar resonance  has  a  clearer  quality  in  persons  who  are  good  breath- 
ers— whose  respiratory  expansion  and  vital  capacity  are  good.  We 
usually  find  this  in  athletes,  and  others  whose  occupation,  health- 
ful exercise,  and  physical  culture  compel  them  to  fill  their  lungs  well. 
The  resonant  lung  quality  is  lacking,  on  the  other  hand,  in  those 
who  are  deficient  in  the  volume  of  respiratory  air :  full  lungs  produce 
full  vesicular  resonance. 

(d)  Presence  of  Adjacent  Organs. — That  the  characteristic  pul- 
monary resonance  is  diminished  in  clearness  near  the  borders  of  such 
solid  organs  as  the  heart  and  liver  is  an  important  consideration  in 
estimating  their  res])ectivc  limits.  Again,  the  influence  of  the  ad- 
I'acent  distended  stomach  upon  the  left  lung  sound  is  to  superadd 
its  drumlike  tone,  which  thus  develops  a  tympanitic  resonance,  prin- 
cipally over  the  lower  half  of  the  chest,  anterolaterally. 

(2)  Tympanitic  Socxd. — The  tympanitic  sound  exists  normally 
and  typically  over  the  stomach  moderately  distended  with  air  or  gas, 
and  not  over  the  lung  except  pathologically.  With  less  fulness  of 
quality,  tympanitic  resonance  is  also  heard  in  percussing  over  the 
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colon  and  larynx,  also  over  the  distended  cheeks,  this  variation  of 
quality  being  due  to  variations  of  the  attributes  of  intensity  and  pitch 
because  of  smaller  volumes  of  air. 

Tympanitic  sound  simulates  very  closely  that  of  the  tympanon  or 
kettle-drum,  and  approximates  a  musical  tone.  Its  clearness  depends 
upon  such  factors  as  influence  the  pulmonary  resonance,  especially 
the  thickness  of  the  intervening  tissue  and  the  volume  of  contained 
air;  besides  these,  the  tension  of  the  air-  or  gas-containing  walls  is 
important. 

Two  suhvarieties  of  the  tympanitic  sound  are  noted,  namely,  the 
open  and  the  closed. 

The  open  tympanitic  sound  occurs  in  percussing  over  cavities  con- 
taining air  or  gas,  if  surrounded  by  walls  "  moderately  smooth  and 
capable  of  reflexion,  and  if  they  communicate  with  the  external  air 
through  an  opening,  the  walls  being  stiff  or  yielding/^ 

The  closed  tympanitic  sound  is  produced  over  cavities  or  organs 
without  communicating  freely  with  the  external  air  by  openings,  the 
walls  being  thin,  membranous,  and  not  too  tense.  Pathologically, 
lung  cavities  in  direct  communication  with  bronchi  arc  examples  of 
causes  of  the  open  tympanitic  sound,  while  closed,  isolated  cavities 
and  closed  pneumothorax,  as  well  as  the  normal  state  of  the  stomach, 
exemplify  the  second.  These  qualities  are  recognized  mainly  by  dif- 
ferences in  pitch,  as  will  be  pointed  out  in  describing  that  attribute. 

(3)  The  Dull  on  Dead  Sound. — The  absolutely  dull  or  dead 
sound  has  the  toneless  quality  and  does  not  occur  over  normal  lung, 
simply  because  such  lung  always  contains  more  or  less  air;  and 
yet  this  qualification  implies  that  the  degree  of  clearness  of  quality 
does  vary  according  to  the  amount  of  air  present,  principally,  in  a 
given  portion  of  the  lungs;  hence  the  commonly  used  term  relative 
dulness  for  all  intervening  grades  between  clearness  less  than  abso- 
lutely full  and  pronounced  and  dulness  absolutely  flat  and  dead,  as 
obtained  over  solid,  airless  tissues  or  organs.  The  latter  are  exem- 
plified in  the  case  of  the  thigh  sound  obtained  in  percussing  over  the 
skeletal  body  coverings,  over  uncovered  liver,  heart,  and  spleen,  and 
over  the  following  pathological  conditions:  (a)  The  interposition  of 
liquid  or  solid  material,  as  pleuritic  effusions  or  thickening,  between 
the  lung  and  chest  wall,  (b)  or  the  infiltration  of  vesicular  tissue 
and  air-spaces  with  solid  substance,  as  in  the  marked  consolidation 
of  pneumonitis. 

While  the  terms  dulness,  flatness,  and  deadness  are  used  inter- 
changeably  to  indicate  the  absence  of  air,  in  common  usage  a  dull 
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sound  is  more  particularly  elicited  where  the  resonance  is  very  posi- 
tively diminished;  a  dead  or  flat  sound  where  we  percuss  over  abso- 
lutely airless  organs,  solid  growths,  and  liquid  accumulations,  the 
latter  corresponding  to  condition  (a)  and  the  former  to  condition  (6) 
of  the  preceding  paragraph. 

Clinical  language  also  employs  such  qualifying  words  to  express 
var3ring  degrees  of  dulness  as  marked  or  considerable,  moderate  or 
slight,  the  two  last  terms  meaning  virtually  relative  dulness,  that  is, 
the  presence  of  a  slight  amount  of  air  directly  beneath  or  adjacent 
to  the  part  percussed,  so  that  the  sound  possesses  just  sufficient  reso- 
nance to  escape  being  a  noise — ^toneless. 

In  the  case  of  very  fat  persons,  owing  to  the  great  thickness  of 
the  chest  walls,  percussion  over  normal  lungs  with  exaggerated  force 
may  yield  only  a  deadened  sound,  the  vibrations  not  penetrating 
deeply  enough. 

Dulness  is  also  obtained  frequently  over  the  most  prominent  angu- 
larity of  bone  in  the  kyphoscoliotic  thorax  consistent  with  a  healthy 
state  of  the  subjacent  lung. 

Relatively  dull  sound  as  a  normal  quality  occurs  both  as  diminished 
vesicular  resonance  and  diminished  tympany.  It  results  from  per- 
cussing a  solid  organ  having  a  small-sized  or  thin  layer  of  air- 
containin<^  structure  between  it  and  the  chest  wall,  as  where  the 
lung  overlays  the  heart  and  liver,  or  from  percussion  over  air- 
containing  tissue  with  a  thin  layer  of  airless  tissue  intervening,  as 
where  the  lower  border  of  the  liver  comes  between  the  large  bowel 
and  the  body  wall.  The  former  of  these  conditions  gives  rise  to 
normal  vrsindar  duJurss^  the  latter  to  normal  tympanitic  dulness. 

(B)  Intensity. — This  is  simply  loudness,  and  depends  upon  the 
amplitude  of  the  vibrations,  producing  volume  or  mass  of  sound 
heard  at  varying  distances. 

A  clear  sound  is  always  louder  than  a  dull  or  dead  sound;  there- 
fore, if  in  percussing  over  air-containing  tissue  of  normal  clearness 
and  loudness  we  pass  to  parts  that  gradually  or  sliarply  diminish  in 
loudness,  we  know  that  undernealh  lies  more  or  less  airless  structure. 

The  intensity  of  the  tympanitic  sound  is  greater  than  that  of  lung 
resonance,  vohinie  for  volnnie  and  other  things  being  equal;  for  in- 
stance, a  stomach  distended  with  air  or  gas  to  the  capacity  of  the 
left  lung  elicits  a  clearer  and  louder  tone  than  the  latter,  where  the 
structure  consists  of  nunierons  little  air  vesicles  formed  bv  consider- 
able  spongy  tissue  instead  of  one  large,  free  viscus.  In  disease  of  the 
lung,  however,  the  intensity  of  the  tympanitic  note  over  a  tubercular 


PERCUSSION  91 

cavity  is  softer  than  over  the  surrounding  vesicular  substance,  for  the 
reason  that  smaller  volume  affords  less  amplitude,  and  hence  less 
acoustic  force,  than  larger  volume. 

The  loudness  of  resonant  sounds  depends  upon  three  conditions: 
(1)  The  force  of  the  percussion  stroke;  (2)  the  thickness  and  elas- 
ticity of  the  chest  wall;  (3)  the  volume  of  the  air-containing  parts 
set  in  vibration. 

(1)  The  force  op  the  blow  bears  a  direct  relation;  ceteris  pari- 
hufi,  the  stronger  it  is  the  greater  the  intensity,  as  in  striking  a  drum- 
head; the  loudness  varies  while  the  quality  remains  the  same.  Modi- 
fications of  the  strength  of  the  percussion  ])low  will  })c  considered 
later  in  their  application  to  delimiting  organs,  the  lung  borders 
especially. 

(2)  The  greater  the  thickness  of  the  chest  wall  the  less  the 
intensity;  and,  conversely,  the  nearer  the  air-containing  organ  to  the 
finger  percussing,  the  less  the  muffling  of  sound,  provided  the  strokes 
are  delivered  with  equal  force.  Elasticity  of  the  thoracic  framework 
enhances  the  intensity. 

(3)  The  amount  of  air-containino  tissue  set  in  motion  in- 
fluences loudness  in  direct  ratio;  the  greater  the  amount  the  louder 
the  sound,  and  vice  versa.  That  is,  using  tlie  drum  as  illustration, 
with  equal  strength  of  blows  and  thickness  of  mombrane,  the  sound 
of  bass  is  louder  than  that  of  small  or  kettle-drum. 

(C)  Pitch. — In  music,  pitch  is  the  elevation  or  d('])ression,  the 
acuteness  or  gravity  of  the  scale  notes,  depending  u|)on  the  rate  or 
rapidity  of  the  vibrations  per  unit  (second)  of  time.  The  more 
rapid  the  vibrations  the  higher  tlie  pitch;  at  the  same  time  they  are 
shorter  in  wave  length  than  those  which  produce  the  lower  tones. 
Percussion  sounds  vary  so  in  pitch,  even  in  the  normal,  that  only  the 
talented  or  cultivated  ear,  or  both,  suffices  to  give  the  practised  famil- 
iarity to  detect  the  slight  differences  of  pitch  of  diagnostic  or  prog- 
nostic significance.  Changes  in  quality  are  more  readily  appreciated, 
but  as  these  are  often  recognized  by  this  very  attribute  of  pitch, 
sharpness  in  the  sensitiveness  to  fine  degrees  of  the  latter  adds  im- 
mensely to  the  early  discovery  of  incipient  pulmcmary  disease. 

Pitch  is  the  most  important  element  in  the  diiferential  diagnosis 
of  airless  from  air-containing  tissue,  and  in  outlining  by  percus- 
sion the  borders  of  adjacent  or  overlapping  organs  of  clear  and  clull 
sounds,  as  the  lungs  from  the  heart  or  liver,  spleen  from  stomach, 
etc.  The  transition  from  clearness  to  deadness  is  realized  more  by 
the  gradual  elevation  of  pitch  than  by  any  other  acoustic  attribute, 
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for  the  less  the  amount  of  air  in  the  Inng  the  daller — the  noisier — 
the  sound  and  the  higher  the  pitch. 

The  relation  of  intensity  to  pitch  is  this:  The  louder  or  clearer 
the  sound  the  lower  the  pitch;  the  higher  or  shriller  the  sound  the 
less  its  loudness.  Again  the  illustration  of  the  large  and  small  drums 
holds:  the  low-pitched  bass  drum  emits  a  louder,  farther-carrying 
sound  than  the  higher-pitched  kettle-drum. 

Similarly,  a  clear  sound  has  a  low  pitch,  and  is  consequently 
louder  than  a  dull  one,  which  has  a  comparatiTely  high  pitch. 

A  word  of  caution  is  needed  here  to  the  student,  namely,  not  to 
confuse  the  high-pitched,  dull  sound  with  the  high-pitched  tympan- 
itic note  often  met  with  over  small  cavities  of  the  lung,  for  example. 

Other  factors  being  equal,  the  pitch  of  the  Ufmpanitie  tone  is 
lower — and  at  the  same  time  louder — than  the  pulmonary  resonance. 
Practically,  however,  as  far  as  size  is  concerned,  only  the  occurrence 
of  a  dilated  stomach  affords  a  demonstration  of  this  physical  fact 
This  leads  to  the  very  important 

Conditions  tiiat  Influence  the  Produotion  and  Variation 
OF  Pitch. — ^In  general,  the  larger  the  cavity  containing  air  the  lower 
the  pitch;  therefore,  owing  to  the  volume  of  the  lungs,  Ite  pitch  of  the 
normal  percussion  sound  is  distinctly  low  over  them.  As  the  vesicular 
tissue  is  elastic,  however,  the  (legn?e  of  tension  is  also  a  factor  influ- 
encing the  piteli  both  pliysiologically  and  pathologically  in  respiratory 
conditions.  Ordinarily  the  lung  vesicles  are  not  in  a  state  of  high 
tension ;  therefore,  if  the  tension  is  increased  and  the  vesicles  forcibly 
distended,  tlie  pitch  is  raised,  as  at  the  end  of  a  forced  inspiration; 
or  again,  at  the  end  of  a  deep  expiration,  the  vesicles  being  relaxed, 
the  pitch  is  relatively  lowered.  In  the  former  case  we  hear  what 
Flint  termed  vesiculotympanitic  resonance ',  in  the  latter,  the  sound 
is  exaggerated  a  little  in  clearness  and  loudness,  and  becomes  hyper- 
resonance.  Whenever,  as  in  certain  diseased  conditions  that  will  be 
referred  to  later,  the  degree  of  relaxation  becomes  so  marked  that  the 
vesicles  are  in  a  state  of  elastic  equilibrium — the  inspiratory  and 
expiratory  pressure  being  about  equal — tympanitic  quality  is  elicited 
with  still  lower-pitched  and  louder  sound,  as  when  healthy  lung,  re- 
moved from  the  body,  is  percussed. 

It  has  bcH'n  atlirmed  by  some  clinicians  that,  contrary  to  what  has 
just  Ik'cu  said,  the  pitch  is  lowered  with  the  increased  tension  of  the 
vesicular  tissue  at  the  height  of  inspiration.  This  apparent  contra- 
diction is  due  to  not  taking  into  account  the  ccmditions  of  expansion 
and  the  volume  of  lung  in  certain  individuals  in  relation  to  the  ten- 
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sion.  To  begin  with,  as  an  independent  factor,  and  other  things 
being  alike,  the  presumption  is  in  favor  of  the  explanation  first  given, 
since  it  is  in  harmony  with  a  law  of  physics  that  the  greater  the 
tension  of  a  membrane  the  higher  the  pitch.  Also,  it  is  true  that 
the  larger  the  volume  the  lower  the  pitch  is.  Hence,  the  whole  matter 
resolves  itself  into  a  question  of  the  relative  predominance  of  one  or 
other  condition  with  either  portion  of  the  respiratory  act.  That  is, 
if  in  one  case  the  expansive  capacity  of  the  lungs  is  so  marked  that 
with  a  full  inspiration  the  volume  of  air-containing  tissue  increases 
relatively  more  than  the  tension  of  its  walls,  then  the  pitch  will  Im) 
lower  than  with  ordinary  quiet  breathing.  On  the  other  hand,  in  a 
chest  with  feebler  power  of  respiratory  expansion,  the  tension  may  be 
incrcascnl  out  of  all  proportion  to  the  increase?  of  volume,  which  would 
result  in  an  inspiratory  elevation  of  pitch.  This  exposition  is  given 
here  not  so  much  because  of  any  practical  importance,  hut  because 
the  student  may  more  thoroughly  and  clearly  grasp  the  ])rincij)les 
involved,  for  wider  application  later,  by  thinking  out  such  a  funda- 
mental problem  in  physical  diagnosis  as  this  is. 

The  influence  of  the  chest  wall  on  pitch  is  practically  confined  to 
its  thickness  or  density,  or  to  its  tension.  Incn^ase  of  these  elements 
produces  higher  pitch.  Indeed,  it  is  probai)lc  that  the  tension  of  the 
chest  wall  is  more  important  in  determining  the  degree  of  pitch  than 
that  of  the  lung  substance. 

The  pitch  of  the  normal  lung  resonance,  then,  as  compared  with 
the  conditions  ordinarily  met  with,  is  low;  at  the  end  of  a  forced 
expiration  it  is  a  trifle  lower  \  with  a  still  greater  (abnornuil)  diminu- 
tion of  tension  the  resonance  becomes  deeper  and  clearer — hj/perreso- 
nance:  lastly,  when  the  lung  is  markedly  relnj-cd  and  retracted  the 
note  becomes  actually  tympanitic  in  ([uality,  with  lowest  pitch, 
Hyperresonance  occurs  also  in  emphysema,  whei-e  the  threefold  con- 
dition of  increased  volume  and  decreased  tension  (loss  of  elastieity) 
of  the  vesicular  tissue  and  the  enlargement  of  the  ribs  contribute  and 
combine  to  produce  the  abnormally  deep,  almost  tympanitic  sound  or 
characteristic  "  bandbox  "  note. 

The  pitch  of  tympanitic  sounds  varies  according  to  the  app(md(id 
factors.  Of  the  open  tympanitic  sound  the  pitch  is  determined  by: 
(a)  The  size  of  the  communicating  opening-,  the  larger  it  is  the  higher 
the  pitch;  (6)  the  volume  of  the  air-containing  cavity;  the  larger  the 
size  the  lower  the  tone;  (c)  the  tension  of  the  walls^  if  resilient;  the 
greater  the  tension  the  higher  the  pitch. 

Over  closed  cavities  the  pitch  of  the  tympanitic  note  de])ends  upon : 
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(a)  The  volume  of  the  cavity;  (h)  the  tension  of  its  yielding  walls: 
the  same  as  b  and  c  preceding. 

Of  the  two  varieties  of  tynipanicity  the  pitch  of  the  open  is  usually 
higher  tlian  tliat  of  the  closed;  at  the  same  time  the  oj)en  tone  is 
more  distinctly  drumlike  in  quality. 

The  tympanitic  sound,  whether  open  or  closed  in  quality,  is  never 
found  in  percussing  over  the  normal  chest,  but  as  a  physical  sign 
of  pathological  cavities  of  the  lung  its  occurrence  is  not  at  all  infre- 
quent. However,  good  examples  of  the  characteristics  of  the  open, 
high-pitched  tynipanicity  are  heard  in  percussing  or  filliping  the 
larynx  or  the  checks,  causing  a  sort  of  *^  tubular  "  note.  When  the 
mouth  is  closed  a  lower  pitch  is  detected,  giving  rise  to  the  timbre 
known  as  amphoric  resonance.  Still  graver  tones  are  noticed  in 
eliciting  the  closed  tyinpanicity  over  the  bowels,  and  gravest  of  all 
over  the  moderately  air-  or  gas-distended  stomach — pronounced  hol- 
lowness. 

When  the  cavities  are  cylindrical  and  communicate  with  the  ex- 
ternal air,  the  pitch  depends  upon  the  length  of  the  tube;  the  longer 
it  is  the  higher  the  tone.  This  may  be  demonstrated  satisfactorily 
by  percussing  lightly  over  a  long-necked  flask,  successively  empty, 
half-  and  nearly  filled  with  water. 

As  regards  the  iufluence  of  volume  upon  pitch,  tliere  are  many 
gradations  from  the  loud,  low  stomach  sound  to  the  high-pitched, 
open  lynipanitic!  note  over  a  small  lung  cavity  (tuberculous). 

The  ])itcli  of  tvmpanicitv  as  affected  ]>v  the  tension  of  the  cavitv 
walls  is  of  some  iin])()rtance.  Extreme  tension  mav  destrov  the  tvm- 
panitie  (jiiality.  It  has  already  been  remarko<I  that  when  the  tension 
of  the  lungs  is  greatly  (liiiiinished,  whether  pathologically,  as  by  the 
encroachment  of  a  })louritie  exudation,  or  when  the  lungs  in  a  healthy 
state  arc  removed  from  the  body,  the  resonance  becomes  tympanitic. 
Just  so,  on  th(»  other  hand,  may  the  tension  of  the  walls  be  exagger- 
ated so  that  tyin])anieity  is  lost  and  clear  nontympanitic  or  lung  sound 
be  ])ro(hu*(Hl  in  the  ease  of  cavities  or  hollow  organs.  Thus,  we  hear 
the  puhiionary  vesieular  (piality  of  sound  in  percussing  over  stomach 
and  int(»stines  that  iwr  forcibly  distended  with  air  or  gas.  As  soon 
a.s  the  internal  ])ressure  is  relieved  the  tym])anitic  character  is  again 
restored.  In  the  living  subject,  therefore,  the  lower  tension  and  pitch 
of  normal  stonuieli  and  bowels  and  ahnorniallv  relaxed  luntr  corre- 
s[M)nd  ;  while  the  normally  intlated  lungs  and  abnormally  distended 
gastro-intestinal  canal  corresj)ond  in  ])ossessing  hoth  higher  tension 
and  higher  pitch,  the  lir>t  group  yielding  tympanitic  sound,  the  other 
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nontympanitic  resonance.  In  the  case  of  the  former,  the  air  or  gas 
alone  is  set  into  vibration,  the  flaccid  walls  tending  to  increase  the 
amplitude  of  the  sound  waves  by  reflecting  them;  in  the  latter,  not 
merely  the  contained  air — ^packed  in  and  condensed,  as  it  were — 
vibrates  to  the  percussion  stroke  as  best  it  may,  but  the  tense  mural 
tissues  also  respond  with  short,  accelerated  waves  of  higher  pitch 
and  change  of  quality  because  of  the  commingling  of  the  vibrations 
of  this  solid  substance.  Instead  of  the  consonance  of  the  reflected 
and  intensified  waves  of  tympany,  we  have  the  more  dissonant,  resist- 
ing, interference  waves  of  the  pulmonary  tyj)e  of  resonance.  Enor- 
mously tight  distention  may  give  rise  to  such  inability  of  the  con- 
tained gas  to  vibrate  that  the  possible  cloarn(ss  of  sound  due  to  its 
presence  is  quite  neutralized  by  the  vibrations  of  its  containing  walls 
only;  hence  the  dull  sound  of  solid  tissue,  with  corresptmding  eleva- 
tion of  pitch. 

The  pitch  of  dull  sounds  varies  according  to  tlu*  degree  of  density 
of  the  tissue  percussed ;  the  denser  it  is,  the  duller  or  flatter  the  quality, 
the  higher  the  pitch.  In  other  words,  pathologic  diminution  of  air- 
containing  tissue  is  indicated  whenever,  in  percussing  over  any  region 
of  the  chest,  for  example,  in  either  infraclavicular  space,  the  pitch 
is  found  to  be  distinctly  elevated  as  compared  with  the  same  region 
on  the  other  side,  or  with  adjacent  normal  vesicular  substance;  in 
fact,  the  detection  of  airless  tissue  abnormallv  located,  bv  the  evidence 

'  *  ft 

of  dulness,  is  made  essentially  by  the  attribute  of  comparatively  higlier 
pitch. 

In  a  general  way  it  may  be  stated,  that  any  pathologic  condi- 
tion which  adds  dulness  to  or  impairs  the  clearness  of  a  resonant 
or  tympanitic  sound,  thereby  raises  its  pitch  and  also  reduces  its 
loudness. 

Normally,  the  proximity  of  the  heart  and  liver — airless  organs — to 
the  borders  of  the  lungs  muffles  or  deadens  slightly  the  clearness 
obtained  in  percussing  over  the  latter,  and  this  is  recognized  by  the 
slight  rise  in  pitch — relative  dulness. 

It  should  be  remembered,  however,  that  a  higli-pitched  sound  is 
not  necessarily  a  dull  one,  as  it  may  be  tympanitic  from  a  small 
vomica  (cavity)  in  the  lung,  or  resonant,  as  over  the  tip  of  the  lung 
apex  posteriorly,  above  the  scapula. 

Attention  may  be  called  here  to  the  very  slightly  higher  pitch 
elicited  on  percussing  over  the  right  lung  as  compared  with  the  left, 
due  to  the  difference  of  density  which  causes  the  normal  vocal  fremi- 
tus to  be  a  trifle  more  marked  here  also  (see  Palpation). 
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(D)  Duration. — This  attribute — the  length  of  time  a  sound  can 
be  heard — is  the  least  important  of  the  four,  but  in  combination 
with  the  others  may  be  a  very  helpful  element  in  determining  small 
variations  of  sound  characteristics: 

The  sound  vibrations  developed  by  percussing  over  normal  lung 
remain  audible  distinctly  longer  than  over  the  liver  or  heart,  and 
least  so  in  striking  the  thigh.  Thus  duration  varies  directly  with 
intensitv  and  clearness;  the  louder  and  clearer  the  tone,  also  the 
lower  the  pitch,  the  longer  the  duration,  the  less  loud,  duller,  higher- 
pitched  sounds  having  relatively  short  duration. 

The  normal  pulmonary  resonance  being  full  and  clear,  loud,  and 
grave  in  pitch,  has  long  duration.  The  sonorous  tympanitic  sound 
is  likewise  lengthily  audible,  depending  upon  the  volume  and  pitch;  if 
produced  by  percussing  a  large,  dilated,  gas-filled  stomach,  the  dura- 
tion will  be  greater  than  the  lung  resonance.  Obviously,  too,  the  dura- 
tion of  a  relatively  dull  note  is  longer  than  an  absolutely  dull  or  flat 
sound;  the  conditions  which  influence  the  production  of  persistent 
sounds  are  the  same  as  those  which  affect  their  clearness,  loudness, 
and  graveness,  and  vice  versa. 

(E)  Sensation  of  Sesistance. — This  has  been  alluded  to  under 
palpatory  percussion.  While  percussing  over  air-containing  organs, 
as  the  stomach  and  lungs,  and  then  over  an  airless  organ,  as  the  liver, 
a  feeling  of  resistance  by  the  striking  as  well  as  the  pleximeter  finger 
is  noticed  over  the  latter.  Thus,  clear  sounds  are  associated  with 
slight  resistance,  and  dull  sounds  with  a  decided  resistance. 

This  sign  bears  a  direct  ratio  to  pitch;  that  is,  as  the  pitch  rises 
the  resistance   is   felt  to   increase.     It  depends  upon  the  dvgree   of 

<npar\tii  of  iJic  nndrrh/hig  parts  to  vlbratr\ 
upon  their  consistence  and  thickness.     Xor- 

Flatness  ^ 

mally,  the  sense  of  yielding  or  elasticity  is 
Dull  tone  muoli  greater  over  the  interspaces  than  over 

the   ribs   or   scapula?.      Path- 


Traeheal  or  tubular  tone 


ologically,      lung     conditions 
H.'sonant  tone  producing      dead      or      dull 

sounds,    as    large    consolida- 


Tympanitic  tone 


Volume  and  durntion  tioUS    Or    large     plcUritic    CXU- 

Vui.  23.    DiACiHAMMATic    Skktcm    OK  THK     datious    aud    thc    Hkc,    have 

JtKl.AIIONS    OK     IHK     1!lKMKN1S     OK    'I'oNK.  i  t  -i  i* 

(Lcicvn)  decreased   vibrating   capacity, 

and  consecjuently  offer  great 
Tesisiaiice  to  the  percussing  fingiM's:  this  is  intensified  if  there  is  ac- 
companying  increased    tension    of    the   chest   wall,    while    conditions 
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which  augment  the  amount  of  air,  provided  mural  tension  is  not 
increased  at  the  same  time,  give  greater  resiliency  and  less  resistance. 
To  parallel  the  associated  attributes  of  sound  as  they  occur  for 
the  recognition  of  the  two  extremes  of  gross  physical  conditions  and 
changes  of  the  bodily  organs,  the  following  is  easily  apprehended: 

Air-oontaining  Structures.  Airless  or  Solid  Structures. 

Sounds:  Clear  in  quality,  />w//,  dead,  or  flat. 

Jjoud  in  intensitv,  Not  loud. 

Low  in  pitch,  High -pitched. 

Long  in  duration,  J<hort. 
Sensation  of 

Tesisiance:  Slight^  absent y  Marked, 

PERCUSSION   SOrXDS  OF  THE   NORMAL  CURST 

Regional   Variations 

Prerequisite  to  any  practical  knowledge  and  judgment  concerning 
pathologic  alterations  of  the  percussion  sounds,  and  of  the  regional 
and  anatomical  limits  over  which  thov  are  audible,  is  a  retentive  and 
ready  knowledge  of  the  normal  boundaries,  and  of  the  anatomic  and 
physiologic  differences  of  sound  over  the  principal  areas  of  the  healthy 
lungs. 

Technic  of  Percussion  of  the  Lungs. — Using  the  most  serviceable 
— the  finger — method,  we  l)egin  in  front  to  percuss  the  apices  in  the 
srrRACLAVicri/-\K  spaces,  carefully  comparing  one  side  with  the  other 
repeatcflly,  at  the  end  of  or  during  a  full  inspiration  and  a  forced  ex- 
piration. The  strokes  should  be  delivered  witli  moderate  force.  It 
will  1)0  noticed  that  the  ap(»x  of  the  right  hmg  is  not  so  resonant  as  the 
left;  that  is,  the  pitch  over  the  right  apex  is  a  trille  higher  than  over 
the  left.  This  corresponds  to  the  slightly  exaggerated  but  normally 
greater  vocal  fremitus  over  the  right  sid(\ 

A  slightly  less  resonant  sound  over  the  left  apex,  as  from  a  small 
tubercular  consolidation,  might  not  dilfer  in  quality  from  that  elic- 
ited over  the  normal  right  apex;  hence,  the  discovery  of  slightly 
decreased  resonance  (and  elevated  pitch)  over  the  left  top  is  pre- 
sumptive evidence  of  the  presence  of  a  pathologic  enfeeblement 
there,  even  when  these  signs  are  no  more  ])ronounc(»d  than  over 
the  right  corresponding  region.  If,  instead  of  the  slight  normal, 
there  occurs  a  decided  lessening  of  the  resonance  over  the  right 

apex,  then  its  pathologic   indication   is  clear,   although  its   occur- 
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rence  on  the  left  side  would  be  all  the  stronger  evidence  of  disease 
there. 

The  predominating  frequency  with  which  the  apex  of  either  lung 
becomes  the  seat  of  an  incipient  tuberculous  process  necessitates  espe- 
cial care  in  the  percussion  of  presumably  early  cases.  Familiarity 
with  the  physical  signs  of  the  apical  region  and  their  variations  in 
health  is  the  indispensable  prerequisite  in  detecting  incipient  disease. 
As  pointed  out  by  Minor,  Auld,  Landolfi,  and  many  others,  the  reso- 
nant area  above  the  clavicles  should  be  carefully  outlined  compara- 
tively with  and  without  respect  to  deep  inspiration. 

Early  indications  of  abnormalities  are  (1)  failure  of  the  upper 
line  of  resonance  on  one  or  the  other  side  to  ascend  during  a  deep 
inspiration;  (2)  a  lowering  of  the  upper  line  of  resonance,  in  whole 
or  in  part,  as  compared  with  that  of  the  opposite  side;  and  (3)  indis- 
tinct definition  of  the  upper  or  outer  line  of  resonance. 

Landolfi  {Semaine  Medicate,  XXVI,  No.  11),  of  Naples,  has 
indicated  six  points  (demonstrated  by  subsequent  autopsies)  where 
percussion  is  liable  to  reveal  impaired  resonance  suspicious  of  an 
incipient  tuberculous  process.  Point  1  is  1  cm.  below  the  clavicle, 
at  the  junction  of  the  inner  third  and  the  outer  two-thirds.  Point  2 
is  the  same  distance  above  the  clavicle,  on  the  same  vertical  line. 
Point  3  is  at  the  intei  section  of  the  acromiomastoid  line  with  a 
line  uniting  Point  1  with  Point  4.  The  latter  point  is  in  the  center 
of  a  line  drawn  from  the  acromion  to  the  spinous  process  of  the 
second  dorsal  vertebra,  and  is  the  only  point  on  the  back.  Point  5 
is  1  cm.  below  the  center  of  the  clavicle,  and  Point  6  is  just  inside 
the  acromion  and  above  the  acromiocervical  line.  He  points  out 
that  the  less  the  difference  between  the  results  of  light  and  heavy 
percussion  at  Point  6  the  greater  the  probability  of  a  lesion  of  the 
apex. 

Near  the  inner  end  of  the  clavicle  the  vesicular  resonance  becomes 
a  little  tympanitic  because  of  the  proximity  of  the  trachea.  The 
pitch  is  slightly  lower  at  the  acromial  than  at  the  sternal  end  of  the 
clavicle. 

Immediate  percussion  of  the  clavicles  produces  a  clear  sound 
of  the  mixed  pulmonary  and  bone  elements,.  As  the  character  of  the 
resonance  will  vary  with  the  size  and  shape  of  the  bone,  the  true 
condition  of  the  lung  underneath  is  not  always  indicated.  The  irregu- 
lar and  calloused  form  of  a  previously  fractured  clavicle  would  be 
particularly  misleading  in  either  direct  or  comparative  observations. 

On  the  STERNUM  the  note  is  clear  and  deeply  resonant,  with  a 
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slightly  tjrmpanitic  quality  over  the  manubrium,  on  account  of  the 
nearncsa  of  the  trachea  and  roots  of  the  bronchi.  The  resonance 
down  to  the  third  rib  is  fullv  vesicular;  Iwlow  that  it  is  a  trifle  dull 
l>ecause  of  the  adjacent  influence  of  tlie  lieart  (right  ventricle)  and 
liver  (left  lobe).  As  pointed  out  before,  tliough  lung  tissue  does  not 
lie  directly  behind  the  sternum,  the  clear  sound  is  produ(H?d  by  tlie 
vibrations  setting  into  acoustic  activity  the  neighboring  lung.  Along 
the  left  edge  of  the  sternum,  between  the  fourth  and  sixth  ribs,  the 
heart,  uncovered  by  lung,  renders  a  dull  percussion  sound. 

Xext  the  infkaclaviculau  spaces  are  percussed,  comparing  the 
first  and  second  interspaces  on  each  side,  using  moderately  strong 
strokes.  Here  we  obtain  the  typical  lung  or  vesicular  resonance — the 
standard  region  for  each  individual — again  noting,  liowever,  the  very 
slightly  duller,  higher-pitched,  shorter  sound  on  the  right  side.  Thus 
individual  chests  have  their  individual  degrees  of  resonance,  the  nor- 
mal, regional  deviations  from  which  must  be  estimated  with  the  best 
judgment  possible  for  each  person,  adopting  the  note  elicited  in  the 
s<K-ond  interspace,  below  the  middle  of  the  clavicle,  as  a  sort  of  indi- 
vidual resonant  keynote. 

The  vesicular  quality  is  less  distinct  in  })ercussing  near  the  ster- 
num on  account  of  the  mulTled  tympanitic  modification  due  to  the 
adjacent  sternum  and  bronchotracheal  tubes.  From  the  midclavicu- 
lar (mammillar}')  line  outward  the  resonance  is  a  trifle  less  clear 
and  deep. 

Three  explanations  are  usually  given  for  the  slightly  duller  })ul- 
monary  resonance  on  the  right  side,  any  one  or  all  of  which  may 
cause  the  difference:  (1)  The  greater  thickness  of  the  chest  wall 
consequent  upon  the  greater  development  of  tlie  pectoral  muscles  on 
the  right  side.  This  difference  may  ])e  less  apj)arent  in  the  chests  of 
left-handed  persons,  but  not  necessarily  always  so.  {'2)  An  explicit 
reason  is  found  in  the  fact  that  there  is  a  diirerent  anatomical  arrange- 
ment of  the  bronchial  tubes,  that  on  the  right  side  being  larger,  and 
situated  more  superficially  and  higher  up;  this,  with  a  bunch  of 
medium-  and  small-sized  bronchial  branches  occujuing  space  that  on 
the  left  side  is  filled  with  air- vesicles,  gives  an  amount  of  broncho- 
vesicular  tissue  sufficient  to  elevate  the  pilch  slightly  but  ])erceptibly, 
the  tubes  adding  an  element  of  tympany,  the  extra  muscular  and 
connective  tissue  of  their  firm  walls  an  element  of  dulness.  ('-]) 
Finally,  the  fact  that  the  right  lung  rests  uj)on  a  solid  organ — the 
liver — may  influence  the  resonance  enough  to  impair  its  vesicular 
(HesLTness^  loudness^  and  depth  of  pitch. 
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Mammary  Eeoions. — Beginning  at  the  third  interspace  and  per- 
cussing down  the  nipple  line  on  the  right  side,  we  find  the  pulmonary 
resonance  becoming  gradually  relatively  dull,  just  noticeable  in  the 
fourth  interspace  owing  to  the  increased  thickness  of  the  chest  wall 
from  adipose  tissue  and,  especially  in  women,  the  mammae,  besides 
the  approach  to  the  dome  of  the  liver  and  the  thinning  of  the  inter- 
posed layer  of  lung,  until  the  fifth  interspace  is  reached,  where  the 
thin  border  of  lung  is  only  sufficient  to  prevent  the  relative  dulness 
from  being  absolutely  dull,  as  it  is  in  the  sixth  interspace  with  light 
percussion,  and  more  decidedly  in  the  seventh  and  eighth  interspaces 
with  heavier  percussion.  Strong  strokes  are  necessary  where  the  chest 
wall  seems  to  be  thickest  in  order  to  bring  out  the  acoustic  evidence 
of  the  subjacent  air-cells. 

On  the  left  side,  slight  relative  dulness  begins  in  the  third  inter- 
space, in  the  parasternal  line,  with  moderately  strong  plexor  blows. 
Here  there  is  but  a  thin  layer  of  lung  resting  over  the  upper  and 
outer  borders  of  the  heart,  and  gliding  to  and  fro  with  inspiration 
and  expiration.  In  the  fourth  and  fifth  interspaces  pulmonary  reso- 
nance is  entirely  replaced  by  absolute  cardiac  dulness,  readily  de- 
tected with  liglit  percussion  blows.  Outside  the  left  mammillary  line, 
as  far  as  the  anterior  axillarv  line,  and  in  the  fifth  and  sixth  inter- 
spaces,  llirre  is  a  cU^^^ree  of  resonance  a  little  less  pronounced  than 
over  the  si)ace  above,  at  times  modified  slightly  at  the  lower  and 
outer  parts  by  the  mini^ling  of  stoiiiaeh  tyinj)any.  Of  course,  tlie 
canliae  dulness  and  tj^astric  tympany  are  both  less  distinct  when  the 
inflated  lung  is  })eroussed  at  the  end  of  a  full  inspiration. 

Over  the  rifjht  infrcnmunmnri/  rrgion  we  meet  with  absolute  liver 
dulness  from  the  sixth  rib  down  to  the  costal  border;  in  approaching 
the  latter,  liowevtM*,  the  ])ercussion  strokes  must  not  be  given  with 
much  forci?  or  the  tympanitic  sound  of  the  large  intestine  below'  will 
l)e  elicited  and  overshadow  tlie  dulness  Ix^'ore  the  edge  of  the  liver 
has  actually  been  reached.  The  sensation  of  resistance  here  is  quite 
marked. 

On  th«'  Jrft  side  tlie  sound  obtained  is  mainly  tymipanitic  on  ac- 
count of  the  stomach:  if  not  distended  witli  air  or  gas,  the  stomach 
sound  may  he  a  inullled  tympany,  or  if  after  a  meal  percussion  is 
made  lirre,  the  note  will  he  dull,  this  (juality  being  (xmtributed  to 
by  the  adjacent  left  Inhc  of  the  liver  above  and  to  tlie  right,  and  the 
spleen  to  the  left.  This  tynij»anitic  area,  hounded  above*  ))y  the  pul- 
monary re-onanee  at  the  sixth  rih,  helow  hy  the  slightly  higher-pitched 
tymjianicity  of  the  s])lenic  llexure  of  the  colon,  and  to  the  right  and 
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left  by  the  hepatic  and  splenic  dulnesses  just  mentioned,  is  called 
often  " Traube's  semilunar  space" 

The  axiUary  regions  may  be  percusswl  next.  On  both  sides  the 
vesicular  resonance  is  clear  and  full  down  to  the  seventh  ril)  in  the 
midaxillary  line,  but  slightly  inipainxl  in  the  seventh  interspace.  In 
both  infra-axillan'  regions  below  the  oightli  rib  the  sounds  are  dull; 
a  little  duller  on  the  right  side  because  of  the  liver;  while  on  the 
left  side  there  is  part  tympany  and  part  dulness  on  account  of  the 
proximity  respectively  of  the  stomach  and  spleen. 

Finally,  we  percuss  the  poslrrior  rrr/ifms  of  the  thorax  with  the 
subject  leaning  forward  a  little,  the  arms  folded,  and  all  muscular 
contractions  avoided  as  much  as  possible. 

SuriLVSCAPULAR  Spacks. — Forcible  percussion  here  yields  pulmo- 
nary resonance  of  less  intensity  and  higher  pitch  than  in  front,  owing 
to  the  thickness  of  the  intervening  tissues  and  tlu^  verv  small  volume 
of  underlying  air-cells.  The  tip  of  each  ajx'x  is  just  below  the  Hat 
surface  of  the  supraspinous  region,  and  an  important  point  in  search- 
ing for  the  evidences  of  inci[)icut  tuberculosis.  The  lx)rdcr  of  the 
trapezius  muscle  forms  the  dividing  line  of  two  eonjoined  triangles 
within  which  the  anterior  and  posterior  aspects  of  the  lung  apices 
may  l>e  examined.  The  lower  side  of  the  anterior  triangle  is  formed 
by  the  clavicle,  of  the  posterior  by  the  sf)ine  of  the  scapula,  both 
triangles  converging  at  the  point  of  the  shoulder. 

In  the  scapular  regions  strong  percussion  is  reijuired  also  to  bring 
out  even  moderately  the  resonant  tone,  the  tliickness  of  bone  and 
muscle  interfering  most  decidedly  with  clearness,  loudness,  and  grave- 
ness  of  pitch,  as  compared  with  the  resonance  ol)tained  in  the  infra- 
clavicular region,  and  resisting  most  inark<Mlly  tlic  plexor  and  plexiin- 
eter  fingers.  The  spine  of  the  scapula  res|K)nds  with  a  high-pitehed 
osteal  sound. 

The  resonance  in  the  infersrapular  rffjion,  while  better  than  over 
the  supra-  and  infraspinous  areas,  is  still  weak,  relatively,  owing  to 
the  firm  and  thick  musculature  near  the  vertebral  eolunm.  In  the 
upper  portion  the  trachea  may  superadd  a  tynij)anitic  quality  to  the 
resonance. 

The  infrascapular  regions  emit  the  best  resonance  posteriorly  dur- 
ing a  moderate  strength  of  percussion.  From  the  angles  of  the  scapu- 
lae to  the  ninth  interspaces  the  note  is  clear  and  of  distinct  rescmant 
quality,  although  a  little  less  so  on  the  right  side  because  of  the  larger 
muscular  development  in  most  people,  and  the  subjacent  solid  liver. 
With  heavy  percussion  relative  dulness  may  be  elicited  as  high  as  the 
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eighth  rib.  Below  the  tenth  rib  absolute  liver  dulness  is  noted.  On 
the  left  side,  forcible  blows  may  impart  a  tympanitic  character  from 
the  stomach  and  colon  beneath,  or  a  dull  modification  near  the  pos- 
terior axillary  line  because  of  the  spleen. 

To  summarize :  The  pulmonary  resonance  is  heard  most  typically 
in  the  left  infraclavicular  region;  anteriorly,  it  is  better  heard  over 
the  upper  half  of  the  chest;  posteriorly,  over  the  lower  half;  it  is 
more  distinct  and  full  anteriorly  than  laterally  (axillae),  and  more 
so  laterally  than  posteriorly. 

Eeg^onal  Differences  of  Fitch. — These  vary  with  the  conditions 
of  volume  and  tension  of  air-containing  tissue,  and  of  chest  thickness 
and  density  already  instanced.  They  practically  mark  the  areas  of 
different  degrees  of  clear  quality  before  given,  for  it  is  by  pitch  more 
than  any  other  attribute  that  we  note  the  regional  changes  and  points 
of  transition  from  one  sound  characteristic  to  another. 

Thus,  a  rising  gradation  of  pitch  may  be  perceived  in  passing  over 
the  following  anterolateral  regions :  grave  pitch  in  Traube's  semilunar 
space  (overdistended  stomach) ;  axillary  region  (stomach  and  lung 
sound);  the  second  interspace;  the  supraclavicular  space;  the  third 
interspace  (left) ;  the  fourth  interspace  (left) ;  the  seventh  and  eighth 
interspaces  in  the  right  midclavicular  line  (liver). 

It  is  important  to  repeat  in  other  and  more  general  words  tliat 
since  comparative  percussion  must  habitually  be  practised  in  the  de- 
lect ion  of  (lis(»ase,  the  normal  variations  of  sound  over  symmetrical 
parts  of  the  chest  on  the  two  sides  should  constantly  be  borne  in  mind. 
The  most  marked  dissimildrifj/  in  healthy  individuals  is  in  the  right 
and  left  mammary  regions — the  nriyJiborhood  of  the  heart.  Further 
tiian  this,  it  is  only  needful  to  remember  especially  the  slightly 
clearer  note*  ovi^r  the  left  as  compared  with  the  right  apex  of  the 
liin<r^,  and  generally,  the  fact  that  elsewhere  on  the  right  side  the 
corres])on(ling  situations  are  a  trifle  less  clear  and  intense  than  on 
the  left. 

Variations  Due  to  Age  and  Sex. — The  percussion  sound  differs 
normally  accordin^^^  to  (k/c.  In  children,  with  their  thin,  elastic  chest 
walls,  the  note  is  mort'  resonant,  »rraver  in  pitch,  louder,  and  of  longer 
duration  than  in  aged  j^ersons ;  tlu*  quality  is  peculiarly  soft  and 
clear.  'J'lie  stitfness  of  the  thorax  and  hardness  of  the  ribs  in  old  age, 
together  with  senile  relaxation  of  the  lungs,  causes  the  resonance  to 
he  le><  pronounced  aiul  higher  in  pitch.  This  (litf(»rence  is  apt  to  be 
all  the  more  marked  the  thicker  the  fleshy  coverings  of  the  chest 
wall  and  the  greater  the  diminution  of  lung  volume.     On  the  other 
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band,  the  change  in  pitch  will  be  counteracted  somewhat  bv  emacia- 
tion of  the  chest  and  senile  atrophy  of  the  ])uhnonary  parenchyma. 

As  to  seXy  we  usually  find  the  resonance  to  he  more  distinct  in 
women  than  in  men,  especially  in  the  upper  regions,  owing  to  the 
superior  costal  breathing  and  less  firm  and  massivx*  bony  thorax. 

Topograph  ic  Percussion 

Determining  the  Boundaries  of  the  Lungs  and  Adjacent  Organs. 
Technic. — As  for  diagnostic  purposes  it  is  important  to  ascertain 
the  size  of  the  lungs,  the  percutory  determination  of  tlieir  ))or(lors  on 
the  surface  of  the  thorax  is  a  matter  calling  for  careful  practise. 
The  position  of  the  lung  boundaries,  as  affected  by  physiologic  and 
pathologic  mobility,  and  the  encroachments  of  other  organs  or  of 
new  growths,  are  also  involved. 

Conditions. — In  order  that  the  borders  of  the  lungs  (or  of  any 
of  the  viscera)  may  be  outlined  topographically  by  piTcussion,  it  is 
necessary,  in  the  first  place,  that  they  be  sufficiently  parietal ;  secondly, 
that  they  yield  souuds  differing  from  the  surrounding  and  adjacent 
tissues.  Hence,  the  boundaries  between  two  organs  giving  forth  abso- 
lutely dull  sounds  cannot  be  recognized,  as  between  the  inferior  border 
of  the  heart  and  the  left  lobe  of  the  liver,  or  between  the  left  lower 
border  of  the  heart  and  a  left-sided  pleural  efrusion.  But  the  adjaeent 
borders  of  an  air-containing  and  an  airless  organ  are  tbe  more  readily 
determined;  thus,  the  lung-heart  and  tbe  lung-liver  and  tbe  lung- 
spleen  boundaries  are  found.  Again,  we  can  tell  an  organ  giving  a 
clear,  tympanitic  sound  from  one  tbat  causes  a  deadened  sound,  as 
stomach  from  spleen  or  liver;  and  yet  again,  clear  sounds  ditfering 
from  each  other  in  quality  on  the  one  band,  and  pitch  on  tbe  other; 
thus,  lung  from  stomach  in  tbe  case  of  tbe  former,  and  stoiuach  from 
bowel,  or  large  from  small  bowel,  in  tbe  ease  of  tbe  latter. 

Metuod. — In  determining  tbe  boundaries  by  percussion  we  usu- 
ally percuss  from  clear  to  dull,  no  matter  what  tbe  organ  undiT  ex- 
amination, as  the  modifications  of  slight  deadening  are  more  quickly 
detected  as  affecting  a  resonance  than  those  of  clearness  in  passing 
from  a  dull  area.  Approach  to  an  organ  is  made  along  lines  per- 
pendicular to  its  supposed  l)orders,  with  tbe  plcxi meter  finger  conse- 
quently parallel  to  such  borders.  We  percuss  on  tbese  lines  until 
the  sound  changes,  striking  at  intervals  of  an  inch  or  an  intersj)aee 
approximately  at  first,  then  repeating  carefully  and  closely  so  that 
we  are  certain  that  at  a  given  point  lung  ends  and  another  organ 
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begins;  this  point  may  be  marked  with  a  blue  pencil,  ink,  or  iodine 
dot  or  dash.  Similar  markings  made  along  the  honndariea  so  de- 
termined may  be  joined  by  a  continuons  line,  which  will  then 
represent  as  nearly  as  possible  the  surface  outline  of  the  lungs,  for 
example. 

Accuracy  in  topographic  percussion  is  better  assured  if  it  be  made 
the  rule  to  percuss  very  lightly  along  the  borders  of  the  organ  whose 
location  and  size  we  are  essaying  to  define. 

Practising  the  contrary  of.  this,  by  forcible  strokes  near  the  edge 
of  organs,  as  of  lung  near  the  cardiac  or  hepatic  borders,  must  obvi- 
ously cause  dulness  to  be  elicited  before  one  actually  has  passed 
beyond  the  lung  boundary;  or  again,  by  strong  percussion  over  the 
lower  border  of  the  liver,  the  adjacent  underlying  intestine  is  set  in 
vibration,  and  a  tympanitic  tone  is  obtained  before  the  edge  of  the 
liver  has  been  reached. 

•  Furthermore,  as  the  volume  of  air-containing  tissue  of  the  lung 
borders  is  very  slight,  the  sound  must  have  little  intensity  and  dis- 
tinctive clearness;  slight  differences  of  sound  on  the  border-line  are 
better  perceived  if  the  sounds  themselves  are  slight  (Yierordt). 

Normal  Percussion  Likits  of  the  Lima — The  normal  ana- 
tomic boundaries  have  already  been  described,  but  it  is  not  possible 
to  define  them  throughout  by  percussion,  as  the  differences  of  sound 
are  often  slight,  particularly  at  the  left  inferior  border,  near  the 
stomach,  the  tympanitic  sound  of  which  frequently  mingles  with 
pulmonary  resonance  above  the  anatomic  lung  boundaries  to  confuse 
the  real  line  of  transition. 

Also,  the  absence  of  the  condition  of  adjacent  differences  of  sound 
prevents  us  from  delimiting  the  anterior  borders  of  the  lungs  behind 
the  sternum  because  of  their  parallel  proximity,  and  the  exaggerated 
uniformity  of  resonance  produced  by  the  characteristic  osteal  tone  of 
the  sternum  itself. 

The  determinable  percussion  outlines  of  the  lungs  are,  then,  the 
superior,  cardiopulmonary,  and  inferior, 

(1)  The  Ajyiccs, — In  healthy  persons,  during  ordinary,  quiet  res- 
piration, the  vesicular  resonance  extends  about  2  to  4  cm.  (J  to  1 J  in.) 
above  the  upper  border  of  the  clavicle.  With  a  deep  inspiration  the 
apical  resonance  in  the  supraclavicular  spaces  is  clearer  and  fuller, 
and  more  extensive  in  all  directions.  Tlio  determination  of  the  upper 
]>orders  of  the  lungs  is  important  because  of  the  evidence  of  tuber- 
culous deposit  or  pleuritic  adhesion  which  the  discovery  of  unilateral 
depression  or  shrinking  of  the  apex  indicates. 


VertiMl  lines  —  tympanitic  n 
impaired  resonance  or  uiodt 
and  spleen.     Solid  shaiting  -  nbsoli 

Teniporarily  during  attacks  of  bronchial  asthma,  and  constantly 
in  cases  of  emphj'sema,  the  superior  border  of  the  lunga  is  found 
on  percussion  to  be  higher  than  normal  with  expiration,  owing  to 
the  difficult  and  delayed  and  incomplete  expulsion  of  the  tidal  air 
as  the  thoracic  expiratory  movement  takes  place.  At  the  same  time 
the  sound  has  a  vesiculotympanitic  quality. 

(2)  The  Luttg-ITearl  Boundary. — This  is  determinable  only  by 
light  percussion,  l)eeause  of  the  small  volume  of  hing  at  its  border, 
is  found  to  follow  along  the  fourth  rib,  from  the  sternum  to  a  little 
c.xlenial  of  the  parasternal  line,  whence  it  passes  downward  and  out- 
ward III  tlio  sixth  rib  in  the  midclavicular  line,  forming  the  upper 
and  onler  lioundanes  of  the  superficial  cardiac  dulness  due  to  the 
exposed  part  of  ihe  right  ventricle,  and  producing  a  correspondingi' 
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lone  of  impaired  long  resonance  (idatiTe  dnlnew)  iboat  flu  width 

of  an  interspace  beyond  the  edge  of  the  long. 

When  the  anterior  border  of  the  Inng  i«  phyeiologicalljr  diatended 
with  a  full  inspiration,  or  p8tbol<^cRll7  'from  emphTsant,  the  en- 
croachment it  makes  upon  the  cardiac  dolnees  diminishes  its  area, 
and  in  the  case  of  a  marked  emphj'sema  may  oblitenite  it  entiie);. 

On  the  other  hand,  the  percutoiy  determination  of  letncted  Inng 
border  may  indicate  tnbercoloos  or  fibroid  disease^  pleoral  effnmw 
with  collapse  of  lung,  or  displaeemeait  outward  of  this  border  hy  the 
pressnre  of  a  pericardial  effusitm  or  of  an  enlarged  heart;  the  area 
of  abaolate  cardiac  dulness  is  oonespondini^y  increased. 

(3)  Tk»  Lower  Borden. — In  front,  the  parcnssioii  limit  of  the 
long  does  not  extend  quite  as  far  down  on  the  ri^t  as  on  the  left 
aide,  &e  ri^t  coming  low  as  the  inferior  bmder  of  tiie  fifth  rib, 
the  left  to  the  snperior  border  of  Qto  siytli. 

On  the  right  side,  in  percnaaing  down  to  the  lung-liver  boiindaiy, 
a  rdatiTely  doU  sound  is  detected  in  the  nipple  line  at  the  Hfth  rib 
approach,  which  passes  into  absolnte  or  sujierficial  Uver  dulness  in 
the  sixth  interspace.  The  narrow  lone  of  deep  or  relative  livor  dnl- 
nass  extends  around  the  chest  to  the  spinal  column,  between  the 
seventh  and  eighth  ribs  in  the  axillary  region  and  betw(;t.'n  the  ninfli 
and  tenth  ribs  in  the  scapular  line. 

There  may  be  an  extension  more  or  less  beyond  an  interspace 
farther,  due  to  emphysematous  enlargement  of  the  lung.  Also,  if  the 
lower  borders  are  higher  than  normal,  we  must  think  of  the  possi- 
bility of  fibroid  retraction,  causing  apparent  or  spurious  enlargement 
of  the  liver,  or  a  pushed-up  diaphragm  due  to  meteorism,  ascites, 
large  abdominal  tumors,  especially  of  the  liver  itself,  and  paralysis 
of  the  phrenic  nerve. 

Posteriorly,  the  lower  border  of  the  lung  may  be  pushed  up 
by  a  pleural  effusion,  the  dulness  produced  by  which  extending 
upward  continuous  with  that  of  the  liver  joins  a  modified — more 
or  less  tympanitic — resonance  where  the  partially  collapsed  lung  is 
reached. 

On  the  left  side,  percussion  downward  to  the  inferior  border  at 
the  sixth  rib  in  the  mammillary  line  is  resonant,  but  along  the  border 
to  the  midaxillary  line  it  is  slightly  admixed  with  the  tympanitic 
element — the  hintj-slomack  boundary.  At  the  eighth  rib  and  mid- 
a.xillary  line  we  note  slightly  duller  note  of  the  lung-spleen  boundary. 
Finally,  near  tliu  spine,  wc  define  less  distinctly  the  lung-kidney 
boundary,  at  the  level  of  the  tenth  interspace  or  eleventh  rib. 
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Differences  Due  to  Age. — In  young  children  the  lower  borders 
of  the  lungs  are  from  one-half  to  one  inch — about  an  interspace — 
higher  than  for  the  normal  person  of  middle  age;  in  the  old,  the 
borders  extend  a  rib  or  inter?pa(*e  lower,  the  lungs  increasing  in  size 
with  advancing  years.  For  the  same  reason,  the  lung-heart  boundary 
leaves  less  heart  area  uncovered  by  lung. 

In  estimating  the  percussion  limits  of  the  lower  borders  of  the 
lungs,  allowance  must  also  he  made  for  their  physiologic  displace- 
ments  as  produced  by  the  respiratory  or  active  mobility  and  the 
postural  or  piissive  mobility. 

(1)  Respiratory  Mobility, — In  (piiet  breathing  tlie  lower  borders 
extend  only  about  f  in.  (1  cm.)  into  the  inferior  complementary 
pleural  sinus  (q.  v.),  from  IJ  to  li  in.  (3  to  4  em.)  in  deep  inspira- 
tion in  the  midaxillary  line,  and  about  J  to  1\  in.  ('i  to  3  em.)  in  the 
midclavicular  and  scapular  lines.  According  to  Weil,  in  de(»pest  ex- 
piration the  lung  borders  move*  a  little  less  than  the  same  extent 
above  the  average  location.  The  mobility  of  the  lung  edges  where 
they  overlap  the  heart  is  also  a  trifle  less  than  inferiorly. 

(2)  Postural  Mobility, — The  respiratory  displacement  depends 
upon  the  position  of  the  body.  In  the  dorsal  ])osition  the  anterior 
lower  edge  of  the  lung  moves  J  in.  {'I  em.)  lower  than  in  the  vertical 
position.  On  turning  from  the  ))aek  to  the  (either)  side,  while  res 
cuml>ent,  the  lower  border  descends  as  much  as  1  in.  (10  em.)  in  the 
midaxillary  line,  on  the  up})erm<)st  side,  although  a  mobility  of  but 
2  in.  on  the  part  of  the  uppermost  lung  is  more  common. 

The  pathologic  alterations  of  the  tr)])()grapliic  pulmonary  outlines 
(already  referred  to)  will  be  considenMl  also  in  connection  with  their 
relations  to  the  abnormalities  of  active  and  [)assivc  mobility,  after  the 
description  of  the  diagnostic  significance  of  pathologic  j)ercussion 
sounds  given  in  the  next  chapter. 


CHAPTSB  V 

PBBCV88I0N  iCmOmM^ 

THORACIC  PERCUSSION  SOUNDS  (Conohxtod) 

ABNORMAL  PEBCUSBION  BOUNDS  DUE  TO  DISBASBB  Of  THE 
LUNOS  AND  PLEURJI 

Th«tr  Phyeieai  ExpUuiation  and  DiagnoMe  Sifmifiamee 

Whilb  a  certain  and  coiuitantly  impioving  skill  in  tcclioic,  and 
perception  and  judgment  in  regard  to  tlio  normal  and  regional  varia- 
tions of  tiie  lung  soond  are  prerequieitei^  in  this  method  of  examina- 
tion, it  is  the  main  object  to  seek  for  the  abnormal— «ither  the  detec- 
tion of  a  normallj  occurring  sound  in  an  ahnomtal  location  or  of 
alterations  of  normal  eoonda  in  any  location — and  then  to  know  the 
physical  and  pathologic  conditions  iiiiich  give  rise  to  them,  with  their 
diagnostic  interpretation. 

The  immediate  aim  and  result  of  percussion  is  to  determine  the 
density  of  the  subjacent  parts.  Inferentially,  that  means,  first,  the 
determination  of  any  increase  or  diminution  of  the  normal  quantity 
of  air  present  in  the  lungs;  and,  secondly,  the  delimitation  of  the 
site  and  area  within  which  the  change  haa  occurred,  including  the 
dilTcrentiation  of  pathologic  lung  boundaries  from  adjacent  air- 
containing  and  airless  organs. 

Thoracic  percussion  is  also  an  important  aid  in  ascertaining  ab- 
normal physical  conditions  of  the  pleural  membranes  and  sacs. 

Abnormal  sound  over  the  lungs  may  indicate  not  only  the  pres- 
ence or  absence  and  the  volume  of  air,  but  changes  in  tie  quan- 
tity, density,  and  tension  of  the  pulmonary  tissue,  as  will  be  shown 
later. 

There  may  be  areas  over  both  lungs  which  yield  percassion  sounds 
different  from  the  nonnal,  hence  the  presence  of  bilaterai  disease, 
or  they  may  l>e  found  only  on  one  side,  in  ttnilaleral  disease; 
finally,  there  may  be  but  one  or  two  small  areas  of  local  in- 
volvement. 
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A.  Dulness:  Impaired  or  Deadened  Resonance 

Pathologic  dull  sounds  may  be  comparatively  slight,  in  relation  to 
the  corresponding  region  on  the  other  side,  whence  the  terms  im- 
paired,  diminished^  or  deficient  resonance,  or  slujht  dulness  \  or  there 
may  be  moderate,  decided,  or  marl-rd  dulness;  lastly,  when  the  part 
gives  forth  a  sound  like  that  over  the  thigh  or  over  a  solid  organ,  it 
is  termed  absolutely  dully  dead,  or  flat. 

When  dulness  is  caused  by  disease  within  the  lung,  the  condi- 
tion is  intrapulmonary ;  when  caused  by  pleural  affections,  extra' 
pulmonary. 

Intrapulmonary  Conditions. — Besonanco  is  deadened  here  by  the 
deposit  or  infiltration  of  airless  tissue  in  the  lung,  causing  consolida- 
tion and  compression. 

We  recall,  also,  l)e8ides  the  change  in  the  (jiiality  of  the  percussion 
note,  the  diminished  intensity,  raised  pitch,  and  lessened  duration. 

(1)  Slight  Dulness. — This  occurs  where  ilie  air  vesicles  are 
blocked  or  consolidated  in  small,  lobular  areas,  ^fhe  location  and 
number  of  such  areas  of  consolidation  may  be  of  aid  in  diagnosis. 
Thus,  if  located  in  front,  at  or  near  the  apices,  and  single  in  occur- 
rence, it  usually  indicates  tuberculous  deposit  tliere;  if  lower  down, 
posteriorly,  and  multiple  in  number,  a  broncliopneunionilis  is  usually 
indicated.  Again,  early  tuberculosis  is  gtuiorally  one-sided,  while  the 
latter  is  bilateral. 

In  order  that  the  dulness  may  be  detected  over  small  consolida- 
tions, light  percussion  strokes  are  necessary,  so  as  to  avoid  setting 
into  vibration  the  closely  surrounding  open  aii*  vesicles.  Where  sev- 
eral small  areas  of  consolidation  exist  closely  adjacent  to  each  other, 
the  intervening  vesicular  tissue,  being  relaxed,  elicits  a  high-pitched 
tympanitic  sound,  more  or  less  nni tiled  according  to  the  nearness  and 
largeness  of  the  consolidated  areas. 

In  early  tuberculosis  of  one  apes,  very  fnMjuently  the  first  and  only 
physical  evidence  of  apical  consolidation  is  manifested  by  <liininislied 
resonance  a  little  behind  and  below  tlu*  honh^r  of  the  trapezius  muscle, 
in  the  supraspinous  region  on  the  atfected  sid(\ 

Whether  the  unilateral  consolidation  be  in  the  supraclavicular  or 
supraspinous  region,  the  resulting  slight  or  relative  dulness  is  more 
easily  detected  if  located  on  the  left  than  the  right  si(l(\  because  of 
the  slight  normal  impairment  of  resonance  on  the  right  ride;  so  tliat 
a  degree  of  dulness  over  the  left  apex  ecpial  to  that  over  the  right 
justifies  the  Buspicion  of  disease  on  the  left,  while  the  degree  of 
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ilulntss  on  the  right  side  sufficient  to  indicate  conBolidation  tbcrft  I 
ttiuiit  be  greater  than  the  oonual  diSercuce  between  the  two  sides;  J 
in  other  iroida,  a  slightly  niort'  advanctxl  slage  of  deposit.  Perforce,  1 
dulness  Uiat  u  distinctly,  thongh  slightly,  greater  on  the  )eft  than,  j 
OD  the  rig^t  fidi;  is  all  the  more  positively  significaiit  of  disease  on.  j 
the  Mt  aie. 

Whenever  hotk  apices  are  diseased,  and  comparison  of  one  eidA^J 
with  the  other  h  thuii  inRdmissiblo,  tlio  fact  is  demonstrated  by  cuiOrT 
paring  the  Boncd  vrith  the  resonance  over  the  adjacent  parts  lower  I 
down  on  the  eaiue  ^ide. 

In  persons  vith  sedentary  habits  and  occupations  who  are  poOT-l 
breatliers,  and  in  those  who  may  be  thus,  or  by  heredity,  predisposed  | 
to  pnhnonaiy  tuhcTcubsis,  the  finding  of  slight  impairraent  of  reso-  | 
nance  over  both  apices,  disappearing  after  a  few  forced  respirations,  I 
is  evidence  that  such  indiviilualw  do  not  ordinarily  use  their  apicea,  j 
which  become  more  or  less  collapsed  for  want  of  air. 

Small  patches  of  tilighl  dulness  on  percussion,  in  tho  interscapular 
region  near  the  spinal  iHilunin,  may  indicate  the  prescnra  of  tiibiriii- 
Unu  eniarffed  hnmrliial  glands,  or  of  accumulations  of  exutlation 
within  the  bronchial  tubes.  ■ 

Bemorrhagic  infant  of  the  lung  may  be  inferred  where  n  small™ 
area  of  slight  dulness  is  discovered,  especially  over  the  middle  and 
lower  lobes  of  the  right  lung,  after  the  sudden  onset  of  respiratory 
distress  where  mitral  valvular  heart  disease  exists.  The  greater  the 
exclusion  of  air,  and  its  area  being  not  less  than  1\  in.  (4  or  5  cm.) 
in  diameter,  the  better  the  dulness. 

Besides  the  occurrence  of  bronchopneumonitia,  small  areas  of  im- 
paired resonance  over  the  lower  lobes  posteriorly  may  be  caused  by 
atelectasis,  as  from  the  obstructive  bronchial  closures  of  childhood, 
and  by  thickened  and  dilated  bronchi,  and  solid  growths  on  or  near 
the  surface  of  the  lung, 

(2)  MoDEiUTE  PuLNESS, — This  is  present  when  there  is  moderate 
infiltration  of  the  lung,  as  a  small  portion  of  a  lobe.  It  is  found, 
for  example,  in  tubrrrulous  disease  of  the  apices  when  the  consolida- 
tion has  progressed  beyond  the  first  stages  of  just^recognizable  deposit. 
It  is  also  obtained  over  scattered  areas  of  the  hrondiopneumonitis, 
acute  and  subacute  or  catarrhal,  characteristic  of  old  people,  espe- 
cially as  a  complication  of  influenza,  these  patches  being  large  enough 
to  make  the  eLrcuniseril>ed  areas  of  dulness  unmistakable  enough  so 
that  the  surrounding  zones  of  relaxed,  tympanitic  lung  do  not  markedly 
modify  their  tonelessness.    These,  with  the  patches  of  atelectasis  which 
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often  accompany  them,  are  usually  found  over  the  lower  lobes  pos- 
teriorly. 

Moderate  dulness  is  present  also  posteriorly  at  the  base  in  the 
congestion  of  hypostasis  of  weak  heart,  particularly  when  some  exu- 
dation into  the  alveoli  has  taken  place  (pulmonary  edema),  as  in 
those  who,  from  prolonged  and  exhausting  sickness,  have  had  to  remain 
most  of  the  time  in  a  dorsal  position. 

Abscess,  gangrene,  large  hemorrhagic  infarcts,  and  tumors  of  the 
lung,  and  thick-waUed  bronchiertatic  cavities  partially  filled  with 
exudate,  also  give  rise  to  moderate  percussion  dulness. 

Here  should  be  considered  the  iin])ortant  relation  bctwoon  the 
strength  of  the  percussion  stroke  and  the  depth  of  local i<m  of  ])artial 
lobar  consolidations  of  the  lung. 

The  positiveness  with  which  a  partial  consolidation  of  the  lung 
is  revealed  by  the  relative  or  moderati*  dulness  elicited  depends  upon 
whether  it  is  near  enough  to  the  chest  wall  to  be  discovered  with  light 
or  medium  percussion  force,  or  whether  it  is  so  far  beneath  the  surface 
that  it  can  be  discovered  only  w^ith  the  most  forcible  strokes  permis- 
sible by  the  tolerance  of  the  patient. 

In  other  words,  to  put  it  in  an  inductive  and  practical  way,  if 
with  a  comparatively  light  percussion  stroke  a  small  or  medium-sized 
area  of  relative  dulness  is  found  which,  with  stronger  strokes,  becomes 
louder  and  resonant,  it  betokens  the  presence  of  a  superficial,  sub- 
pleural,  airless  mass  so  thin  that  heavy  strokes  penetrate  through  it 
to  set  into  vibration  the  air-containing  vesicles  below  it.  if,  however, 
over  a  given  area,  light  percussion  blow^  yield  clear,  resonant  sounds 
of  normal  quality  for  that  region,  while  a  deei(l«'(l  strengtbening  of 
the  blow  over  the  same  space  yields  a  marked  relative  dulness,  it 
means,  obviously,  that  there  is  a  (kM'j)ly  seated  consolidation,  with 
sufficient  intervening  normal  or  relaxed  lung  to  ])revent  any  but  power- 
ful percussion  blows  from  reacbing  it  so  as  to  give  the  mullled,  less 
loud,  and  higher-pitched  note. 

A  parietal  patch  of  consolidation  may  be  recognized  by  dulness 
on  light  percussion  if  not  smaller  than  about  1^  in.  hi  diameter; 
larger  consolidations  may  be  discovered  ])y  forcible  percussion  if  not 
more  deeply  seated  than  about  2^  to  3  in.  ((>  to  T  em.). 

(3)  Absolute  Dulness. — This  is  obtained  wben  a  large  portion 
of  the  lung,  as  a  whole  lobe,  or  even  the  whole  lung,  has  been  ren- 
dered practically  airless,  solid.  It  is  typically  and  commonly  present 
in  acute  lobar  pneumonitvi,  where  the  alveoli  of  one  or  more  lobes  are 
filled  with  a  firm^  fibrinous,  inflammatory  exudate  in  the  stage  of 
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hepatization  (Uvei^like  condition).  And  jet  tin  sound  u  mdy  ■ 
completely  deadened  as  the  thigh  aonnd,  bat  nujr  fzeqnenflT  ban  i 
slight  admixture  of  the  tympanitic  demmt  becawe  of  adjacent  per 
tiona  of  merely  congested,  relazed  long.  The  uniMtinn  of 
is  decidedly  increased. 


If,  ill  ndililion  In  l!ip  vesicular  tissue,  the  bronchial  tubes  within 
tlie  eniisolidjili'il  area  aro  at  tlio  wiiiie  time  clogged  np  with  the  es«- 
(lalirtn  {mmi'iip  piii-imwriia).  or  if,  as  often  happens,  there  is  marked 
pbiirilio  cxiKlatinn,  riilior  ilbrinous  or  serofibrinous,  the  dulnesa  be- 
comes cxtrenio  or  flat  as  a  result  of  such  complications,  with  high 
pitch,  short  duration  of  sound,  and  intense  resistance.  As  the  lower 
I0I1C8  arc  by  far  the  most  frequently  attacked  in  pneumonitis,  the 
diilnoss  is  jtciiorally  limited  to  tho  infrascapiilar  and  axillary  regions, 
and  more  oflfn  on  tiic  rifilit  than  the  left  side. 

Absolute  dulncss  is  also  present  over  extensive  areas  of  iubercular 
coni'dliiliilion.  with  IhiH-rtilng  of  the  plrura,  over  the  upper  parts 
of  the  clicsl. 

Hnrcly,  absolute  dulness  may  be  elicilcd  because  of  lai^  pultno- 
nnrij  nhxrrsxr.i  and  mrdia^Hnal  lumorx  of  considerable  size  pushii^ 
the  lung  aside  and  touching  the  chest  wall. 
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The  extent  of  the  area  of  dulness  in  acute  lobar  (croupous)  pneu- 
monitis mav  coincide  with  the  normal  limits  of  the  lo])e  affected, 
topographically;  but  as  a  pulmonary  lol>e,  when  completely  consoli- 
dated, is  more  often  considerablv  increased  in  bulk,  the  area  of  dul- 
ness  is  correspondingly  enlarged.  Thus,  posteriorly  the  dulness  may 
extend  upward  almost  to  the  apex  without  the  upper  lobe  being  in- 
volved, and  on  the  left  side,  with  pneumonitis  of  the  lower  lobe,  the 
encroachment  of  dulness  downward  upon  the  semilunar  stomach  space 
is  noted  in  the  diminished  tympanitic  area  of  the  latter. 

Finally,  a  peculiar  but  characteristic  "  wood(»n  "  quality  of  per- 
cussion dulness,  occurring  in  the  chests  of  certain  old,  emaciated,  but 
"  wiry  "  individuals  who  have  had  one  or  more  attacks  of  ])neiniioniris 
or  pleuritis,  may  be  found,  usually  alTecting  nearly  all  of  one  side. 
I  have  seen  such  cases  more  often  in  minrrs  and  veterans  of  the  Civil 
War.  The  sensation  of  resistance  is  much  increased.  The  condition 
indicated  is  that  of  marked  fibroid  thickening  in  the  lung:  hence  tlu» 
terms  fibroid  phthisis  and  chronic  interstitial  pneumonia.  Some 
thickening  of  the  overlying  pleura  is  generally  present  also. 

Extrapulmonary  Conditions. — The  most  important  of  these  is 
pleuritic  exudation.  Marked  dulness  or  flatness  accompanies  the 
presence  of  liquid  effusion  in  the  pleural  sac,  and  also  of  thicken  in  (j 
of  the  pleura  due  to  plastic  fibrinous  deposit  of  sutlleient  amount. 
Even  slight  thickening  of  the  ])leura  may  be  detected  by  moderate 
dulness,  and  increased  resistance  or  hardness  of  '*  feel,"  on  acetmnt 
of  the  contiguous  nearness  of  the  exudate  to  the  intercostal  tissues. 
Otherwise,  the  intensity  of  the  deadness  of  sound  depends  u])on 
the  degr(?e  of  thickening  which  may  accompany  the  ])resenee  of 
fluid  lower  down  or  remain  after  the  removal  of  tlu*  latter  by  absorp- 
tion or  aspiration  with  the  hollow  ncvdle.  (V>nsiderable  dulness 
over  the  apices  in  early  tuberculosis  is  frequently  due  to  pleural 
thickening. 

The  amount  of  liquid  exudate  necessary  to  produce  appreeiabh^ 

dulness  at  the  base  of  the  chest  is  about  -lOO  c.c.     This  gravitating 

into  the  lowest  and  most  superficial  part  of  the  complementary  pleural 

sinus  in  the  posterolateral  region,  and  having  a  thickness  of  about 

three-quarters  of  an  inch,  may  be  recognized  by  light  percussion,  the 

dulness  extending  not  more  than  two  or  three  fingers'-breadth  above 

the  posterior  lower  limits  of  the  lung.    And  when  the  layer  measures 

more  than  two  or  three  inches  in  depth,  ordinary  j)ercussion  elicits 

absolute  dulness,  any  further  augmentation  of  fluid  causing  extension 

of  dulness  from  the  base  to  the  upper  level. 
10 
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As  the  (juaniity  of  liquid  increases  the  area  of  dalncss  spmit 
laterally  aad  upward,  thcD  to  tiie  front,  and  still  higher,  so  that  whs 
the  pleural  eac  is  half  or  more  than  half  filled  we  fiiid  the  duliHs 
I'xlijnditig  from  tlio  vorlebral  ('olmun  around  to  the  slcraura,  and  frtm 
l]w  lower  liorders  of  the  ribs  to  the  upper  intercnstal  spaces.  Ihoiigli 
most  decideiUy  Hat  nl  llie  base.     Pleural  effusiou  of  the  right  sldeu 
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rccojniized  by  an  oxtcn*iiin  upward,  apparenlly,  of  the  liver  dulness. 
On  the  left  side,  a  diniiuutiou  of  Ihc  normal  area  of  tympany  in 
Traul)e'rf  half-moon-shapwl  space,  more  pronounced  than  in  cases  of 
lobar  pneumonitis;  and  Ihc  discovery  of  a  band  of  dulness  reaching 
iijiwaid  in  the  anterior  nxilhirv  region  from  the  eighth  rib  to  the 
Ki.\th  or  higher,  is  characlcrislit;  of  the  presence  of  fluid  here. 

The  upper  level  of  a  litjitid  exudation  usually  extends  higher  pos- 
toriorly  than  an tcrolate rally  in  patients  confined  to  bed,  the  fluid  being 
free  to  move;  while  in  those  who  arc  able  to  be  about,  as  in  some 
subacute  and  chronic  eases,  the  level  is  maintained  nearly  horizontal 
round  the  chest. 

The  dulness  obtained  in  percussinj:  over  a  pleural  effusion  is  the 
result  both  of  the  intervention  of  a  nonresonant  substance  and  of  the 
simullaneous  proportionate  expulsion  of  air  from  the  adjacent  com- 
pressed lung.  What  resonance  is  obtained  even  near  the  upper  level 
of  the  exudate  is  very  shallow  Ijecause  of  the  small  volume  of  air 
present. 
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Grocco's  Paravertebral  Triangle  in  Pleural  Effusions, — This  sign 
is  of  importance  in  the  diagnosis  of  one-sicU^l  pleural  effusions.  It 
was  stated  by  Grocco,  in  1902.  that  in  case  of  a  pleural  effusion  on 
one  side,  the  other  side  presented  a  triangular  area  of  dulness  over  the 
back  of  the  thorax.  The  inner  line  of  this  triangle  runs  along  the 
spine,  the  lower  line  coincides  with  the  lower  margin  of  the  resonance 
for  3  to  10  cm.,  and  the  outer  line  of  the  triangle  follows  an  oblique 
line,  uniting  at  an  acute  angle  with  the  first  line  on  a  level  with 
the  top  of  the  effusion.  This  paravertebral  dulness  was  always  more 
marked  when  the  effusion  was  on  the  right  side.  The  j)r()<)f  of  the 
genuineness  of  the  triangular  dulness  is  its  disap])eannice  when  the 
patient  lies  on  the  side  of  the  effusion,  and  its  reappearanc(j  imme- 
diately he  sits  up  or  lies  upon  the  sound  side.  When  the  i)leura  is 
much  distended  the  mobility  of  the  fluid  is  reduced,  but  the  para- 
vertebral triangle,  while  not  absent,  becomes  h^ss  in  height  with  the 
change  to  the  lateral  posture. 

Marked  dulness  occurring  posterolaterally  at  the  base  on  both  sides 
is  commonly  produced  by  hydro  thorax,  or  a  <lr()psical  transudation 
into  the  pleura.  However,  the  amount  of  fluid  is  rarely  thii  same 
on  the  two  sides.  The  upper  limits  of  dulness  vary  also  with  posture, 
although  the  mobility  is  apt  to  be  a  little  more  noticeable  than  where 
there  is  inflammatory  pleuritic  exudation  present. 

A  band  of  dulness  at  the  base  sharply  ])assing  into  a  large  area 
of  tympanitic  sound  above  is  significant  of  Id/dropnrumofhonu'  or 
pjfopncumothorax.  Here  the  mobility  with  changing  of  ])ostun'  is 
most  free,  as  evinced  by  the  prompt  changing  of  the  iMnmdaries  of 
dulness  due  to  the  rapid  gravitation  of  the  scrum  or  pus,  as  the 
case  may  be. 

Finally,  in  rare  cases,  a  dull  noti*  may  he  caused  by  an  iuleusp 
pneumothorax^  the  air  distending  the  ])leurjd  sac  to  the  utmost,  thus 
abolishing  elasticity  and  resonance  comph'tely.  and  by  tumors  of  the 
pleura,  the  latter  giving  rise  to  irregularly  situated  and  outlincMl  areas 
of  deadness. 

The  diagnostic  value  of  refjiounl  (hi/nrss  uiay  i>e  sumtnarizrd  by 
the  following  simple  statements:  {a)  Apical  <lulness,  in  the  great 
majority  of  instances,  means  tubercular  consolidation,  rarely  ])neu- 
monitis,  gangrene,  or  new  growths;  (h)  dulness  in  the  interscapular 
region  indicates  usually  tuberculous  In-onchial  enlargement  or  tuber- 
culous infiltration  of  the  posterior  borders  of  the  lungs,  while  on  the 
left  side  it  may  mean  aneurism  of  the  descending  aorta;  (r)  dulness 
over  the  lower  lobes — that  is,  in  the  lower  axillary,  and  especially 
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in  the  inf  rascapular  regions — ^points  to  pneamonic  oomolidatioii  or 
pleural  effusion  most  commonly^  although  it  may,  in  rare  eaaei,  k 
produced  by  infarct,  gangrene,  and  tumoni^  and  ivhen  not  extreme 
in  quality  hypostatic  congestion,  edema,  at  ooUapae  (atdectaais)  d 
the  lung  may  be  inferred. 

■ 

B.  Exaggerated  or  Abnormally  Clear  Reaanaif^ee;  HpperreMmmce; 

VesictUoiympanitic  Resonafice 

Increase  in  the  clearness  and  fulness  of  veaicular  resonance,  geoet- 
ally  or  locally,  indicates  an  increase  in  the  amount  of  air  in  the  lung^ 
or  its  presence  in  the  pleural  sac  {hyperresonant  tone).  This  sonad 
has  the  quality  of  normal  resonance,  but  the  intensity  is  louder,  the 
pitch  lower,  and  the  duration  longer  than  in  health,  and  the  resist- 
ance to  the  percussing  fingers  is  less  apparent 

(1)  Slightly  exaggerated  reaonance  is  usually  found  over  a  locd 
increase  in  the  volume  of  air,  as  over  a  sound  lobe  adjacent  to  one 
that  is  consolidated,  the  healthy  part  performing  extra  work  to  com- 
pensate for  the  crippled  area. 

(2)  Moderately  exaggerated  reaonance  is  characteriatic  in  healthy 
young  children,  with  their  thin  and  elastic  chest  walls.  VnihteraHn, 
it  occurs  iu  percussing  over  the  overdist ended,  unaffected  lung  that 
is  temporarily  doing  double  lalK)r  because  of  consolidation  or  com- 
pression of  the  oj)posite  lung.  This  functional  enlargement  of 
one  lung  is  often  called  "  vicarious ''  or  acute  compensatory  em- 
physema. 

In  pathologic  or  permanent  overdistention  of  lx)th  lungs  in  true 
emplii/scnia,  the  exaggeration  of  resonance  in  the  early  stages  of  the 
disease  is  hut  moderate.  In  extreme  anemia,  also,  probably  on  account 
of  the  lessening  of  the  relative  quantity  of  blood  in  the  lungs,  a  certain 
intensification  of  the  resonance  may  he  elicited. 

If,  with  the  vesicular  dilation,  the  tension  is  greatly  increased, 
as  in  some  cases  of  compensatory  emphysema,  the  pitch  may  be  slightly 
raised  because  of  the  dominance  of  that  factor  over  the  increase  in 
size  of  the  air-cells. 

(3)  Hyperresonance. — Abnormally  marked  clear,  deep,  and  loud 
resonance  is  typically  heard  over  the  whole  chest  of  one  having  well- 
developed  vmplujsema.  The  emphysematous  sound  has  been  well 
designated  the  '*  bandbox  note."  Its  quality  approaches  nearly  to 
that  of  the  tympanitic.  It  is  accounted  for  by  the  double  pathologic 
condition  of  increasetl  volume  of  air  from  permanently  dilated  vesi- 
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cles  and  decreased  tension  because  of  the  weakened  elasticity  of  the 
vesicular  substance,  both  causing  a  marked  deepening  of  the  pitch. 
Hyperresonance  is  also  heard  typically  in  pneumothorax,  usually  over 
one  side. 

(4)  Vericulotympanitic  Resonance.  Skodaic  Kesoxance. — Al- 
though essentially  synonymous  with  tlie  (iiiality  of  hyperresonance, 
the  sound  first  described  by  Skoda,  and  later  designated  vesiculo- 
tympany  by  the  American  clinician,  Austin  Flint,  Sr.,  recjuires  sepa- 
rate consideration  because  of  its  usage  in  the^-ic  terms,  and  the  fact 
that  it  occurs  in  special  conditions  with  characteristics  of  a  slightly 
higher  pitch  and  sometimes  more  tijmpanitir  atlril)ute  than  the  loud 
and  grave  note  of  hyperresonance. 

The  discrimination  mav  be  made  in  this  wi>e:  if  the  sound  elic- 
ited  is  that  of  loud  and  low-pitched  exaggerated  resonance  on  both 
sides,  or  on  the  greater  part  of  one  side,  bilateral  enlargement  of  lung, 
as  in  senile  emphysema,  or  unilateral  diffuse  or  closed  i)neumothorax 
are  inferred ;  but  if,  with  increased  intensity  of  note  tlie  pitch  is  at 
the  same  time  higher  than  over  an  adjacent  ])art  on  one  side  of  the 
chest,  particularly  if  the  quality  is  almost  tympanitic,  the  Skodaic 
resonance  heard  indicates  a  partial  relaxation  of  the  underlying 
vesicular  tissue,  as  over  an  uf)per  lobe  when  the  lower  is  solidified 
in  the  second  stage  of  pneumonitis,  or  just  above  []w  level  of  the 
fluid  of  a  pleural  effusion.  In  the  latter  ease  the  Skodaic  resoiuuiee 
is  typically  in  evidence  when  the  quantity  of  exudation  is  suirieienl  to 
fill  al)OUt  one-third,  one-half,  or  even  two-lbirds  of  the  pleural  sac, 
so  as  to  float  the  lung  upward  and  diminish  its  volume  and  intra- 
vesicular  tension  without  completely  compressing  it.  In  ixTcussing 
from  l)elow  upward  posteriorly,  the  transition  from  the  pleuritic  dul- 
ness  to  a  tympanitic  hyperresonance  at  the  level  of  the  angle  of  the 
scapula,  for  example,  is  quite  characteristic;  and  yet,  as  compared 
with  the  sound  over  the  unaffected  lung  opposite,  the  i)iteh  is  a  trifle 
higher,  even  taking  into  consideration  the  sligjit  elevation  of  pitch 
from  increased  tension  which  the  overacting  normal  lung  in  a  state 
of  compensatory  emphysema  is  laboring  under. 

Vesiculotympany  in  the  neighborhood  of  the  heart  may  point  to 
localized  diminished  pulmonary  tension  due  to  a  prrinirdial  rifu.sion, 
or,  less  commonly,  to  the  encroachment  of  a  much-enlarged  heart. 
Likewise,  decreased  tension  of  tlu^  lower  borders  of  the  lungs  due 
to  a  very  high  position  of  the  diaphragm  from  great  abdominal 
enlargements  may  be  demonstrated  by  the  vesiculotympanitic  note 
obtained. 
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G.  Tympanitie  Sound  and  it&  Variatiotu 

The  lympanitic  sonnd  ie  not  beard  over  normal  Inog  tiBane;  tlier&' 
fore  its  presence  always  indicates  diseBse  of  the  stmctore  directly 
beneath  the  percmsinjr  fingers,  or  quite  adjacmt  to  tisa  regim  per- 
cussed. 

The  pathologic  conditions  giring  rise  to  tympany  are  seldom  of 
such  size  OH  to  cause  the  pitch  to  be  as  low  as  that  of  the  normal 
pulmonary  resonance.  Broadly  speokiiig,  the  comparatively  low- 
pitched  and  louder  (although  less  grave  and  intense  Gaa.  the  vesicu- 


lar resonanco)  tympanitic  sounds  are  produced  by  absolutely  relaxed 
lung,  and  large  pulmonary  niid  pleural  cavities,  from  whatever  specific 
cause;  the  liigher-pitclieti  by  smiail  cavities  filled  with  air,  and  small, 
circumscribed  areas  of  dilated  or  relaxed  vesicular  tissue. 

(1)  Tympany  of  Beloxed  LuHg. — As  an  occasional  exception  to 
the  precedinj;  general  statement,  a  case  of  such  marked  emphysematous 
enlargement  coupled  with  extreme  lowering  of  pulmonary  tension  may 
be  met  in  wbieli  llie  tympany  exhibits  very  low  pitch  and  pronounced 
loudnci^s  of  tone  all  over  tbe  chei^t. 
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Tympany  is  to  complete  retraction  of  the  lung  wliat  vesiculotym- 
pany  is  to  partial  relaxation.  In  the  former  condition  the  vesicle.s  are 
in  a  state  of  elastic  equilibrium^  as  when  the  lungs  are  removed  from 
the  body  with  their  size  reduced  from  the  state  of  collapse  and  the 
absence  of  the  intravesicular  inspiratory  tension. 

When  the  cause  of  the  relaxation  resides  within  the  lung,  the  tym- 
pany is  said  to  be  due  to  {mmctliafc  relaxation;  this  occurs  in  the 
first  (congestive)  and  third  stages  of  lobar  pneumonitis  and  in  edema 
of  the  lungs,  the  diminished  tensicm  being  the  n^sult  of  capillary 
engorgement  (first  stage),  the  presence  of  lluid  and  air  in  the  vesi- 
cles (third  stage),  or  of  transuded  lluid  and  air  (edema).  The  tym- 
pany in  these  cases  is  slightly  dull  and  of  moderate  pitch,  according 
to  the  volume  of  air  present.  A  small  area  of  high-pitclRMl  tympan- 
icity  may  be  due  to  lax  intervening  air-containing  tissue  between  a 
tubercular  or  bronchopneumonilic  deposit  and  the  surface. 

Mediate  relaxation  of  lung  is  ])ro<luced  by  some  extrapulmonary 
cause  in  the  pleural  sac,  interfering  with  the  expansion  of  the  lung. 
The  medium  intervening  to  cause  the  retracti<m  is  most  commonlv 
a  large  pleuritic  exudation.  Elastic  eciuilibrium  of  the  lung  mani- 
fested by  tympany  may  also  occur  from  large  pcrirardial  efjimotts  or 
tumors  in  juxtaposition,  from  .suhphtrnir  ahsrrssrs^  and  from  great 
abdominal  distention  as  witnessed  in  general  peritonitis. 

On  account  of  the  diminished  size  of  lung,  its  compression  even 
in  some  cases,  so  that  one  i)ercusses  hardly  more  than  a  bunch  of  air- 
containing  bronchial  tubes,  the  tympany  is  invariably  higlun*  pitched 
than  the  normal  resonance  on  the  unatTected  side,  and  also  b(>cau>e 
of  the  muffling  due  to  the  relative  prepondeiance  of  tissue  minu<  air, 
and  the  dulling  elTect  of  the  encroaching  fluid. 

The  occurrence  of  apical  ti/tupnru/  of  high  pitch,  due  io  early 
tuberculosis,  is  sufficiently  freipient  and  important  practically  to 
justify  reiteration.  That  this  sign  may  be  ini<l«'ading.  relative  dnl- 
ness  being  attributed  to  the  sound  and  really  reM)nanl  apex,  is  evi- 
dently bc»cause  any  dulness  to  which  a  group  of  nodules  might  give 
rise  is  masked  by  the  surrounding  relaxed  vc*<icbs  of  the  lung;  hence 
the  diagnostic  value  of  the  most  careful  technii!  that  the  true  tympan- 
itic quality  with  slightly  lower  and  louder  sound  than  over  the  healthy 
apex  may  be  recognized. 

(2)  Tympany  over  Pnlmonary  Cavities  (Yowica':  Cnrrrm). — 
liOcalized  areas  of  t\inpanitic  sound,  more  or  less  clear  according 
to  the  conditions  al>out  to  be  pointed  out,  indicate^  usually  air-spaces 
or  cavities  due  to  the  destruction  of  lung  tissue  by  phthisis  {fubcrcu- 
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losis),  gangrene;  ahucran,  nrlliiomi/iimx,  or  circumscribed  bronchiaV 
dihtion  {hroncliiccituiis). 

The  conclitioHB  which  make  it  [lossibie  lo  hear  the  tympanitic  per- 
cussion soiiml  over  lung  cavities,  and  whirh  affect  its  clearness  or 
intensity,  especially  its  pitch,  are  the  following:  size,  situation,  wui- 


munication,   form,  quantity  of   liquid  present,  thickness   (rigidity) 
and  smootlmess  of  walls,  condition  of  surrounding  Inng  and  pleura. 

As  all  of  these  conditions  are  interrelated,  the  audibility  of  the 
cavity  sound  will  depend  upon  their  combination  rather  than  upon 
any  single  one.  Other  things  being  equal,  however,  to  detect  a  cavity, 
its  size  must  not  be  smaller  than  a  walnut  (1  to  IJ  in.  in  diameter), 
and  for  that  size  it  must  lie  near  the  surface.  Consequently,  cavities 
of  the  apex  are  more  easily  discovered  because  necessarily  superficially 
situated,  with  thin  chest  wall  intervening;  over  deep-seated  cavities, 
even  when  of  considerable  size,  only  the  faintest  tympanitic  quality 
may  be  elicited,  if  at  all;  the  apical  region  of  the  chest  wall  being 
naturally  thinner  than  that  over  the  lower  lobes,  covered  as  it  is  with 
thick  dorsal  muscles,  therefore  suffers  more  from  the  general  emacia- 
tion associated  with  the  presence  of  cavities. 
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The  tympanitic  note  over  a  pulnioiiarv  cavern  is  rarely  s<>  cli^ar 
or  loud  as  intestinal  tympany,  as  it  is  [)r()(hieetl  hv  the  vil)rali()ns  of 
a  much  smaller  bodv  of  air. 

The  physical  characteristics  of  tympanitic  resonance  are  more  dis- 
tinct if  the  cavity  communicates  witli  a  large  bronchial  1iil)e  open  to 
the  outer  air,  the  sound  reverberations  ])ein<r  freer  than  wben  tll(^ 
cavity  walls  are  closed  {open  and  closed  ti/wpaniiir  fiound).  Besides, 
the  hindrances  to  the  development  of  a  tympanitic  sound,  as  tbickened 
cavity  walls  or  inter\'ening  normal  lung"  tissue,  weaken  its  distinctive- 
ness more  as  the  closed  tban  as  tb(^  open  variety,  since  it  lacks  the 
additional  vibration  of  the  broncbotracbeal  column  of  air. 

The  inlluence  of  the  shape  of  a  cavity  upon  tbe  tympanitic  not(» 
will  be  described  later  under  the  consideration  of  tiie  mutations  of 
the  pitch. 

If  the  cavity  is  partly  fdled  witb  liipiid.  as  not  iiifrr(|iH'ntIy  ba|>|)ens 
temporarily,  the  tympanitic  resonance  becomes  relaliv<'ly  (b'atb*m'd, 
and  of  course  absolutelv  so  if  nearlv  or  (luite  full. 

Smooth,  thin-walled  cavities  give  forth  a  clearer  tone  of  tym|)any 
than  those  having  rough,  thick  walls.  Tlie  capacity  of  the  former 
to  vibrate  with  their  contained  air  is  obvious. 

More  or  less  muffling  or  deadening  of  tymj>any  may  be  caused  by 
percussing  a  cavity  covered  with  tbickencMl  lung  or  pleura.  Tliis  dull 
or  "  boardy "  tympanitic  sound  may  bec(Min'  al)S()lutely  dull  wbere 
the  consolidation  or  pleural  tbickening  incrrasc  markedly,  and  in  some 
cases  cavity  has  been  revealed  post  mortem  that  during  life  was  over- 
looked because  of  the  great  thickening  bcMwerii  ii  and  tin'  cIk'^i  wall 
preventing  the  penetration  of  the  percussion  vibrations. 

The  conditions  causing  cbanges  in  tln»  pitch  <d'  the  tyuipanitic 
sound  over  a  cavity  are  notable. 

(a)  Tknstox  of  its  Walls. — Over  a  cavity  with  lax  walls  the 
tympanitic  sound  is  clear  and  low  in  pitch,  with  a  liollow  or  ((irrrnnus 
character.  On  the  other  hand,  cavities  with  firm  or  rigid  and  tense 
walls  produce  a  note  which  is  described  as  ainpliuric,  equally  clear  and 
almost  metallic  in  resonance,  but  higher  pitched  than  the  other. 

(&)  Wintrich's  Change  of  Soixd. — Hiis  plK'nonu-non  is  a  rise 
in  pitch  and  augmented  loudness  of  the  tympanitic  note  wben  tlie 
patient  opens  the  mouth,  protrudes  the  tongue  a  little,  and  at  the 
same  time  breathes  as  lightly  as  possible*.  The  percussion  strok(v> 
should  not  be  too  strong.  Wben  the  mouth  is  closed  the  pitch  is 
lower,  and  the  sound  less  distinctly  tym])anitic;  tbe  pitch  is  lower 
still  when  the  nostrils  are  closed.    This  simple  Wint rich's  change  of 
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sound  occurs  over   those  cavities  that  cumnmnicale  lively  with  nnr 
of  the  bronchi. 

The  paradoxical  pombination  of  louder  and  clean-r  tyiriiHinitii! 
sonnd  with  higher  pitch  ia  not  actually  a  contradiction  of  the  law  of 
physics  that,  oilier  things  being  equal,  the  lower  the  pitch  the  louder 
is  the  sound ;  but  right  here  is  the  point  of  the  matter,  for  the  jthysical 
conditions  are  not  equal  during  the  percussion  of  a  cavity  wlieii  the 
mouth  is  opened  and  when  it  is  dosed.  In  (levcussing  over  a  cavily 
conununicating  with  the  bronchotracheal  column  of  air,  the  mouth 
l«ing  closed,  the  tympanitic  note  is  comparatively  dull  and  yet  low  in 
pitch,  owing  tn  the  confined  reilccted  sound-waves  becoming  waves 
of  interference,  and  simultaneously  Blower  waves.  When  tho  mouth 
is  opened,  however,  since  sound-waves  in  air  travel  longitudinally,  at 
the  instant  of  opening  the  percussion  drives  the  waves  out  with  accel- 
erated velocity,  crowding,  as  it  were,  a  number  of  them  with  some 
friction  through  the  oral  orifice  info  the  more  quiescent  outer  air 
at  the  lips;  the  nuiniier  of  sound-waves  per  second  received  into  the 
outer  air  is  thun  greater  than  the  number  sent  out,  and  the  pitch  rises 
(Doeppler's  Principle),  Besides  this,  an  Important  contributory 
factor  in  the  elevation  of  the  pitch  on  opening  the  month  i»  the  «ii- 
Idrging  of  the  externa!  orifice  of  the  cavity,  a«  it  virtually  Ix^omar^ 
thereby,  obeying  the  law  that  the  larger  the  orifice  the  higher  the 
pitch. 

It  remains  to  state  that  when  the  mouth  is  opened  during  percus- 
sion, the  mouth-throat  cavity  acts  as  a  resonator  to  the  sound-waves 
expelled  from  the  pathologic  cavity,  the  resulting  consonance  giving 
greater  fulness  and  intensity  to  the  tympanicity. 

In  certain  cases  where  the  tissue  around  the  cavity  is  markedly 
thickened,  the  merest  trace  of  tympany  only  may  be  noticeable  in 
percussing  with  the  patient's  mouth  closed,  while  with  the  mouth 
open  the  unmistakable  signs  of  cavity  are  discovered  in  a  clear, 
tyiii)>anitic  soimd,  louder  and  higher  in  tone,  by  this  Wintrich's 
metlio<l. 

The  change  of  sound  may  be  simulated  by  percussing  over  the 
larynx  or  trachea  wliilc  opening  and  closing  the  mouth;  also  in  tap- 
ping the  cheeks  similarly,  or  by  blowing  between  the  thumbs  of  the 
elaspetl  hands — as  for  whistling — and  then  suddenly  opening  them, 

Wintrich's  change  of  sound  may  occur  also  in  eases  of  pneumo- 
Hmnir  iii  wJiicb  there  is  a  fistulous  communication  of  the  pleura  and 
lung  liclwwu  tlic  pleural  sac  and  a  free  bronchus.  Rarely,  the  phe- 
nomenon may  !k.'  elicited  over  the  upper  lobes  of  the  lungs  in  pneu- 
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monitis  when  the  lower  are  consolidated,  or  when  they  are  eolhipsed 
by  a  pleural  effusion. 

(c)  Interrupted  WixTRicifs  Change  of  Sound. — This  is  a 
change  in  the  distinctness  of  this  sign,  or  even  in  its  occurrence  at 
all,  by  changing  the  jwsition  of  tlie  body.  That  is,  in  one  position — 
in  sitting,  for  example — tiie  bronchus  leading  to  the  cavity  is  open, 
and  the  sound  t\Tnpanitic,  while  in  the  other — lying  down — the  bron- 
chus dips  beneath  the  surface  of  the  liquid  secretion,  is  thus  closed, 
and  the  sound  is  either  faintly  tympanitic  or  dull;  these  manifesta- 
tions nuiy  be  reversed  for  the  same  postures.  Such  behavior,  though 
rarely  met  with,  when  it  is  becomes  positive  evidence  of  tiie  presence 
of  a  cavity. 

{(I)  Gerhardt's  Change  of  Sound. — This  is  another  variety  of 
altered  pitch  on  changing  the  position  of  the  j)ati(»iit,  nor  freijuently 
met  with,  affording  strong  proof  of  the  ])resence  of  cavity,  however, 
when  elicited.  It  is  indicative  of  large  cavities,  oval  or  elliptical  in 
shape,  and  partly  filled  with  fluid  the  mobility  of  which  with  change 
of  posture  alters  the  form  of  the  air-ccmtaining  part  of  the  cavity, 
its  relation  to  the  chest  wall,  and  consecjuently  its  pitch.  The  latter 
is  lower  when  the  long  diameter  is  horizontal — that  is,  when  the 
cavity  is  of  such  a  form  and  so  situatwl  that  its  long  diameter  is  about 
parallel  with  the  long  axis  of  the  body,  the  pitch  is  lower  with  the 
patient  in  the  recumbent  position,  the  liuid  grnviinting  away  from 
the  chest  wall;  while  when  the  long  diameter  i>  vertical,  as  in  the 
sitting  or  standing  posture,  the  sound  becfunes  higher,  deajleiied,  tym- 
panitic, because  the  fluid  is  now  in  closer  contact  with  the  chest  wall; 
on  the  other  hand,  if  the  cavity's  hmg  (liainet<r  cnrrcsj)on<N  with  the 
anteroposterior  diameter  of  the  thorax,  the  percussion  ncMe  is  lower 
in  the  upright  position,  while  the  column  of  air  is  shortcuccl  when  the 
patient  lies  down,  and  the  pitch  rises. 

Gerhardt's  change  of  sound  may  take  place  over  communicating 
as  well  as  over  closed  cavities.  Change  in  the  tension  of  ih<'  cavity 
wall  may  also  enter  into  the  production  of  tlie>e  changes  of  pitch. 

{e)  Respiratory  Change  of  Sovrsi)  iFrlcilrri(li\s). —  hi  this  ])lie- 
nomenon  the  tympanitic  sound  over  a  cavity  l)ecomes  higher  in  pitch 
at  the  height  of  a  deep  inspiration.  It  results  frr>m  increas(»  of  tension 
of  the  cavity  walls,  the  chest  wall,  an<l  the  adjacent  lung  substance. 
perhaps.  In  expiration  the  sound  hecomes  deeper  or  it  may  disappear, 
especially  during  the  act  of  coughing,  becau>e  of  collapse  or  com- 
pression of  the  cavity  walls.  The  ins])iratory  rise  in  pitch  may  be 
partly  due  also  to  the  simultaneous  widening  of  the  glottis. 
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(3)  WHUbiiu'i  Iracheal  Tone  or  "  Besonancc." — Closely  allied  in 
character  to  WintricliV  ilmii^'f  of  sound,  the  TOQililions  wJuch  give 
riae  to  it  are,  howevtr,  iliirurcnt.  It  is  the  term  applied  to  a  tympan- 
itic sonnd  obtained  in  penusMinfr  over  trachea  or  main  bronchus 
(cylindrical  cavity),  the  pitch  bdng  highei  vitli  tbe  month  open 
and  lower  and  yet  leas  loud  with  the  month  closed,  prondcd  the  con- 
doction  of  sound  between  the  bronchotracheal  odainQ  of  air  and 
the  cbeet  wall  is  facilitated  by  fvintetion  at  by  cofwoKdation  of  the 
intervening  lung  tissue.  In  the  former  ocmditiai,  aa  tnm  the 
ahmnken  lung  of  fibroid  phthina  or  tiie  .ct^paed  «r  oompreeaed 
long  of  a  large  pleuritic  exudation,  the  bronchoa  is  expoaed  by  the 
retracted  anterior  border  of  the  long;* in  the  latter,  tite  bronicdiial 
tympany,  with  accompanying  change  of  pitch,  ia  teon^t  oat  by  the 
better  conduction  of  aonnd  throngh  the  hep«tised  hing  of  anperior 
lobar  pneumonitis  (dnlness  with  tjrmpany),  or  of  a  luge  tabercoloos 
consolidation  of  the  apex;  or,  again,  tiirongb  the  oondouatimi  of  a 
lung  by  pleural  effusion  that  does  not  separate  it  too  mndx  from  the 
front  of  the  chest. 

This  change  of  pitch,  in  opening  and  clonng  the  moatb,  ia  ob- 
tained normally  in  pereussing  over  the  latynx  and  tracbe^  down  to 
the  bifurcation  of  the  latter,  at  which  point,  and  over  ilie  primary 
bronchi,  it  is  ^Oi^t,  owing  to  the  covering  of  vesicular  lung  substance; 
therefore,  the  detection  of  Williams's  tracheal  tone  here  signifies  a 
pathologic  condition  causing  either  retraction  or  pneumonic  infiltration 
of  the  lung  usually. 

The  phenomenon  is  best  heard,  then,  in  percussing  the  first  and 
second  intercostal  spaces  near  the  sternum.  The  flexibility  of  the 
sternal  ends  of  the  ribs  and  of  the  costal  cartilages  favors  the  produc- 
tion of  the  sound. 

That  the  tracheal  resonance  of  Williams  is  found  more  often  on 
the  left  side  is  due  probably  to  the  greater  length  of  the  left  bronchus. 

To  (Jifferenliate  Wintrich's  change  of  sound  from  Williams's  tra- 
cheal tone,  the  following  considerations  may  bo  helpful:  (1)  Whether 
the  visible  contraction  is  marked  and  local,  when  it  is  likely  caused 
by  an  apical  cavity;  absent  or  almost  unilateral  when  it  is  a  tracheal 
tone  from  hc(nilizcd  lung  or  shrunken  anterior  border.  (2)  The 
strenglli  of  stroke  required  to  elicit  tlic  sign;  tlie  change  of  pitch 
over  a  cavity  (Wintricli"s).  is  easily  obtained  with  light  percussion, 
while  if  a  forcible  stroke  is  necessary,  bronchus  (Williams's)  is  indi- 
cated. (3)  Other  signs  of  cavity  arc  more  evident  when  the  change 
of  sound  is  Wintrich's, 
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A  change  of  sound  similar  to  Williams's  occurring  over  the  uy)por 
sternum  when  percussed,  where  normally  it  is  al>si»nt,  indicates  the 
presence  of  pathologic  thickening  or  new  growth  iK^twoen  the  tracliea 
and  manubrium.  Tlie  cause  may  he  a  mediastinal  til)ro-  or  lympho- 
sarcoma, an  aneurism  of  the  arch  of  the  aorta,  or  a  })ericardial  elTusion 
displacing  the  heart  upward. 

(4)  Tympanitic  Sound  in  Pneumothorax. — This  is  rarely  met  with, 
and  occurs  in  cases  that  are  circumscTihed  and  open;  that  is,  practi- 
cally a  pleural  cavity  walled  in  by  adhesions  and  (•oinniuiiieating  with 
the  bronchial  column  of  air  through  a  fistulous  oj)ening  in  th<*  j)leura. 
Hence,  also,  Wintrieh's  change  of  sound  may  be  elicilrd  h<'re.  Should 
the  expiratory  current  of  air  be  prevontrd  froi]!  escaping  by  the  for- 
mation of  a  valvelike  closure  of  tin;  jdcural  ojxMiing,  thus  causing 
the  tension  to  rise  considerably  in  the  interior  bct-ause  of  the  suir- 
c*essions  of  inspiratory  entrance?  of  air  while?  the  ])rcssure  is  sutlicicnt, 
tlien  the  note  becomes  hyperresonant,  as  in  the  more  common  dilfuse 
or  closed  j)neumoth()rax,  though  not  so  loud,  nor  so  grave  in  ])itch. 

D.  Amphoric  or  Mftfillir.  Ursounnrc 

The  amphoric  or  metallic  note  is  fundamentally  tympanitic,  with 
added  overtones  giving  an  echolike  quality  and  |)rolongation,  or  me- 
tallic clang.  It  is  often  higher  in  pitch  than  the  ordinary  tymi)anitic 
sound.  While  the  latter  ceases  immediately  after  the  ])(M"cussion 
stroke,  the  overtones  of  this  amphoric  resonance,  or  meiallic  echo, 
die  awav  more  slowlv.  It  is  like  the  reverberatinL^  iirolon-raiion  of 
the  voice  heard  in  speaking  in  a  large,  bare  room  or  empty  hall.  It 
may  be  simulated  by  percussing  or  filliping  the  side  of  an  em]>ly,  or 
nearly  empty,  jar  or  pitcher,  a  large,  hollow  india-rubber  ball,  or 
the  cheeks  >vith  the  mouth  open. 

Thus,  the  amphoric  sound  is  heard  over  large,  tense  or  rigid,  and 
:;moolh- walled  cavities  of  the  lung,  superficially  situated,  or  over 
open  pneumothorax.  If  produced  by  a  tuberculous  cavity,  it  means 
that  the  cavity  is  single  or  entire,  and  not  subdivided  by  projections 
or  partitions  of  pulmonary  tissue  that  has  not  disintegrated;  that  it 
is  distended*  with  air;  that  it  communicates  more  or  b'ss  freelv  with 
a  large  bronchus;  and  that  its  size  is  probably  not  less  than  vM  in. 
(()  cm.)  in  diameter  in  the  direction  in  which  the  ixMcussing  stroke 
is  applied.  The  marked  emaciation  usually  present  in  these  cases 
offers  the  minimum  of  resistance  bv  the  chi'st  wall,  and  so  facilitates 
the  development  of  amphoric  or  metallic  echo. 
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The  modifications  of  pitch,  as  in  Wintrich's  change  of  fiotiiui,  mav 
also  lie  elicited  here;  and.  too,  the  variations  due  to  caTitiw  not 
spherical  in  shapi;,  as  the  lower  pitch  while  percussing  in  the  dinvtioii 
of  the  long  diameter  {Gerhardt'n  chaoge). 

Broncliieetatic  eanties  do  not  manifest  the  amphoric  resonance 
because  there  is  less  wasting,  they  are  situated  in  the  lower  lobes  away 
from  the  surface  and  where  the  thicker  posterior  wall  of  the  thomv 
intervenes,  and  because  they  are  too  small  in  size. 

Metallic  sound  is  very  distinctly  heard  over  pneumolhoras,  pro- 
vided the  air  contained  in  the  pleura  reaches  a  certain  degree  of  ten- 
sion (not  too  exaggerated).  This  c^"'''tion  may  be  inferred  if  hcanl 
over  a  large  area  of  one  side. 

In  order  to  appreciate  amphoric  nance  more  distinctly,  percus- 
sion with  a  hammer  and  plesimeter  nmj  l»e  resorted  to,  with  or  ivithout 
simultaneous  auscultation.  In  combining  the  latter  method,  a  clear. 
metallic  note  is  brought  out  by  placing  the  chest  piece  of  the  stethfi- 
Bcope  near  the  pleximeter,  which  is  then  lightly  struck  with  the 
hammer. 

Cuin  or  ritd-phximeter  perciumion,  or  the  coin-dinkimj  test  (Gainl- 
ner),  U  moet  effective  in  discovering  pneumothorax.  It  is  practised 
thus:  Two  coins  of  sufficient  jiize-^say  "'.i-  or  ,'iH-cent  piecpfi — one 
applied  flat  to  the  chest,  the  edge  of  the  other  used  as  a  plexor,  are 
used  ou  the  anterior  surface  by  an  assistant,  percussing  lightly,  while 
the  examiner  auscults  posteriorly,  or  vice  versa,  either  with  or  without 
a  stethoscope.  Instead  of  coins  the  handle  of  a  hammer  plexor,  or  a 
rod  of  metal  or  pencil,  may  be  used  to  strike  upon  the  plesimeter, 
as  reeoiiimended  by  Heubner.  The  presence  of  air  in  the  pleural  sac 
is  indicated  by  a  clear,  ringing,  chiming  sound,  bell-metal  or  anvil- 
like in  character ;  the  sound  may  be  compared  to  the  tinkle  of  a  small 
bell  (brU-li/mpati!/)  or  the  eifect  of  striking  an  anvil  with  a  tiny 
liaiumcr.  Comparing  the  two  sides  of  the  chest,  the  absence  of  the 
sign  is  conspicuous  over  the  lung  on  the  unaffected  side,  and  over  the 
lung  on  the  affected  side,  from  which  the  air-space  in  the  pleura 
may  thus  be  sharply  delimited. 

Biermer's  Cliiingc  of  >iound. — ^As  pneumothorax  is  often  accom- 
panied or  followed  by  li<|uid  effusion  into  the  pleural  cavity,  causing 
pyopneumothorax,  for  instance,  the  region  over  which  amphoric  reso- 
nance may  be  elicited  becomes  gradually  diminished  in  extent,  so 
that  the  amount  of  air  remaining  may  give  rise  only  to  a  tympanitic 
sound  on  percussion,  the  metallic  overtones  disappearing  entirely. 

On  changing  the  posture  of  patients  suffering  with  pyo-  or  sero- 
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(hydro-)  pneumothorax,  the  pitch  of  the  note  changes,  being  lower  or 
higlier  acconling  as  the  long  diameter  of  the  cavity  is  rendered  longer 
or  shorter,  respectively,  as  the  fluid  gravitates  over  the  diaphragm  or 
upon  the  back,  the  patient  sitting  or  lying  down  (so  Hienner).  On 
the  other  hand,  however,  many  clinicians  have  noted  the  change  to 
be  reversed  in  some  cases;  that  is,  tlie  diameter  may  be  shortened 
while  the  patient  is  erect  and  lengthened  wliile  recnnd)ent,  with  cor- 
responding change  from  higher  to  lower,  respt^ctivcly.  But,  whatever 
the  given  conditions  of  alteration  of  the  ])iich  as  alFecled  by  posture, 
the  fact  remains  that,  as  with  Gerhardt's  change  of  sound  in  cavities 
of  the  lung,  so  Biermer's  change  indicates  the  presence  in  the  pleural 
sac  of  both  air  and  freelv  movable  fluid. 


E.  (Wackcd-pot  Soinnl   (Hruit  dr  pnl  fih') 

The  cracked-pot  pcrcii.<sion  sound  is  fretjuently  heard  in  connection 
with  amphoric  resonance.  As  its  name  inij)lies,  this  sound  resembles 
that  produced  by  percussing  a  cracked  jar  or  metal  vess(»l,  and  nuiy 
be  imitated  by  loosely  clasping  the  hands  at  right  angles  to  each 
other,  and  then  sharply  striking  them  (the  back  of  one)  across  the 
knee.  The  concussion  produces  a  sound  which  closely  restMubles  the 
chinking  of  coin  held  in  the  hollow  of  the  hands — a  rattling,  some- 
times peculiar  hissing,  metallic  clinking,  tympanitic  sound.  The 
cracked-pot  characteristic  may  also  be  imitated  ])y  j)ereussing  a  ])lex- 
inieter  so  lightly  apj)lied  to  the  skin  ibat  beneath  it  is  left  a  small 
space  containing  air.  Jn  both  experiments  \\w.  sound  is  cau-ed  ]>y 
the  sudden  discharge  of  air  from  between  the  palms,  or  the  skin  and 
plexi meter,  as  the  case  may  be. 

This  is  virtually  what  haj)])ens  when  the  eracked-]K>t  sound  is 
elicited  over  the  chest  by  a  forcible  percussion  stroke:  it  means  usually 
that  the  air  in  a  pulmonary  cavity  communicating  with  a  bM>n(hus  is 
sharply  expelled  through  the  narrow,  slitlik(»  opening  at  the  gUntis. 

An  abundance  of  crisp  hair  on  the  chest  anteriorly  may  so  inter- 
fere with  the  snug  application  of  a  pleximeter  that  an  air-space,  as 
just  previously  pointed  out,  may  cause  the  cracked-])ot  sound  to  he 
simulated  when  the  pleximeter  is  struck  unh>s  the  hair  is  w«'ll  mois- 
tened first,  so  that  it  will  lie  close  and  flat  on  the  snrfaee.  The  sound 
may  occur  normally,  also,  when  j)ercussing  the  chest  of  a  sereaming 
child,  though  not  always  necessarily  so,  on  account  of  the  very  thin, 
yielding  thoracic  walls  of  infants.  Very  rarely  is  it  heard  in  healthy 
adults. 
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I'atkologically.  il  is  prwliuwd; 

(a)  OviT  liinji^  Uinij  aivUltf,  HUiwrridally  sitiiaic^.  cspi-cially  al 
the  apex,  when  tlwy  iroinni iiiiicatc  directly  with  a  broiichua  by  mi«ii> 
of  a  xtiiall  »|>cning:.  and  the  overlying  thest  eiiiaciattHl  tu  thinntiM 
and  elasticity.  The  patient's  mniith  should  bo  open,  and  percussion 
niadu  during  espiiation,  so  that  the  sudden  expulsion  of  the  eavity 
air  through  the  opening  may  have  a  free  egress  to  the  ouler  air,  other- 
wise the  hissing,  clinking  sound  distinctive  of  cavity  niny  not  n- 
spond.  It  in  almost  invariably  well  heard  in  the  infriiHavirular 
regions.  It  disapiwars  at  times  during  the  course  of  a  eaise  that  is 
rcpeatixily  e\amined,  owing  to  closure  of  the  bronchial  opening  aiid 
Ihe  filliDg  of  the  cavern  with  exudate,  to  return  again  after  the  siili- 
alance  has  been  expectorated  by  a  spi'l!  of  coughing.  Another  cui- 
dition  for  the  production  of  the  cracked-pot  sound,  which  indeed  is 
indicalt'd  hy  the  occurrence  of  the  latter,  is  the  thin,  yielding  wall 
of  ihe  aivily  itself,  whether  nimpa-^K]  of  merely  slighlly  thickeiieil 
]ileura  on  it^  parietal  anpect  or  of  consolidalion  of  surrounding  lung. 

The  poreusfiing  finger  should  pause  a  moment  after  Btriking,  for 
if  lifted  ton  soon  the  tyinpanilic  sound  significant  of  cavity  may  not 
be  vlif^ited,  as  it  ia  apt  to  be  subdiUMl  Kt  Ihti  tirst  instant  by  the  hi.^^ 
of  the  immediate  rash  of  air  from  the  cavity  into  the  bronchus. 

The  pi-escnre  of  a  moderate  amount  of  liquid  in  the  vomica  may  be 
infciTod  by  a  commingled  rattling  and  trembling  sound — the  mou:l 
ir,irk-ed-p"t  sound. 

{b)  in  certain  cases  of  pneumothorax,  usually  circumscribed,  with 
imlid'iii.-i  plfiiral  opening  in  direct  communication  with  a  bronchus. 
!n  this  condition  ihe  cracked-pot  sound  is  found  over  the  lower  half 
of  one  side  of  llio  chest,  in  contradistinction  to  that  of  pulmonary 
cavilLcs,  where  it  is  discovered  over  a  smaller  area  in  the  upper  half, 
and  more  often  anteriorly  than  laterally  or  posteriorly. 

(<■)  Siiiiilariy,  in  Ihomcic  fistula,  as  when  an  opening  has  been 
made  into  the  pleural  sac  for  the  evacuation  of  pus  of  an  empyema, 
or  wIk'h  air  has  entered  into  the  pleural  cavity  through  stab  or  gim- 
shot  wonnils,  wheicby  percussion  in  the  immediate  neighborhood  of 
the  orifice  elicits  the  cracked-pot  note,  which  is  also  absent  when  the 
orifice  is  artiiieiully  closed. 

((/)  Over  pneumonitie  Uing.  This  occurs  more  commonly  during 
the  cnn;ristive  stajre,  or  while  there  is  but  partial  consolidation,  in 
wliieli  condilion.  it  will  be  remembered,  the  accompanying  immediate 
relaxation  of  lung  causes  a  tympanitic  percussion  sound.  However, 
the  phenomenon  may  he  elicited  not  rarely  even  over  the  faepatized 
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portion  of  lung  (especially  over  the  iippor  lobes  anteriorly),  where 
its  production  must  necessarily  be  due  to  the  sudden  expulsion  of  air 
from  a  large  bronchus  leading  to  the  part  alT(\-ted.  In  some  cases 
both  causes  may  exist  simultaneously  lo  ])ro(luce  the  bruit  do  pot  frle, 

(e)  Finally,  reiraciion  or  compressioti  of  the  hing  above  a  plouriiic 
effusion  favors  the  development  of  eraek«'(l-])r>t  sound  by  alFording  the 
condition  of  a  sharp  rush  of  air  from  the  bronchi  with  strong  per- 
cussion strokes. 

In  view  of  the  variety  of  pathologic  conditions,  though  small, 
which  may  operate  to  give  rise  to  cracked-])ot  sound,  the  warning  is 
obvious — to  avoid  attributing  its  presence  to  any  one  of  thcni.  Xever- 
iheless,  its  detection  in  any  patient  evidently  }>bthisical  is  rather 
clearly  presumptive  of  pulmonary  cavity,  tlie  other  causes  oeeurring 
much  less  frequently  and  characteristically. 

internal  Percussion. — An  increased  resonance  over  the  sternum 
may  indicate  the  presence  of  a  cavity  in  the  adjacent  lung.  When  the 
resonance  over  the  sternum  persists  as  the  patient  n-elines,  but  van- 
ishes when  he  lies  on  one  side,  this  can  be  suggestive  of  hydrolhorax 
or  pyopneumothorax.  Banti  was  the  first  to  call  attention  to  the 
retrosternal  dulness  observed  in  case  of  pleuri>y  with  elfusion.  which 
aids  in  differentiating  it  from  j)neumonia. 

F.    Thr   Lull  (J   lir/lrx 

This  term  has  been  applied  by  Abrams  to  tlie  temporary  localized 
emphysema  or  expansion  of  lung,  in  ivspon.M'  to  an  irritant  a])|)lied 
to  the  skin  of  the  chest,  such  as  mustard,  >o  thai  the  piMvussion  sound 
becomes  for  a  little  while  clearer  in  tluit  ana.  But  tlic  etl'eet  of 
prolonged  percussion  in  itself  is  similar,  tlie  continued  repetition  of 
strong  percussion  strokes  giving  rise  to  a  development  of  increased 
resonance  and  volume  of  sound  in  manv  case<.  Tlieret'ore,  oik*  must 
not  l>e  surprised  or  perplexed  to  find  in  ])rolonged  exaniinali«)ns  cm* 
demonstrations  of  small  areas  of  dulness,  as  in  tul)erculo>is,  that  the 
later  percussion  blows  may  elicit  more  and  more  of  the  surrounding 
re.^nant  quality,  due  to  this  reflex  local ize(l  ex])ansion  of  tlu'  air 
vesicles,  and  correspondingly  less  dulness  or  mutlling. 

To  summarize: 

(1)  Vesicular  resonance  is  obtaininl  over  normal  lung  tissue. 

(2)  Tympanitic  resonance  is  heard  normally  over  the  lower  ])or- 

tion  of  the  left  side  anteriorly,  in  TraubeV  semilunar  space  (lung  and 

stomach).    Elsewhere  on  the  chest,  tymi)anitic  sound  is  paihologic. 
11 


CHAPTER   VI 
AUSCULTATION 

Definition. — Auscultation  is  the  act  of  listening  to  the  sounds 
produced  within  the  hody  in  health  and  disease.  ComprehensiTely, 
it  embraces  the  physiologic  and  pathologic  sounds  of  the  lungs,  heart, 
and  gastro-intestinal  tract;  here  it  refers  to  those  produced  in  the 
act  of  breathing,  and,  of  lesser  importance,  to  those  set  up  by  voice 
vibrations  transmitted  to  the  lungs  and  chest  wall. 

Although  we  may  listen  and  take  note  of  the  sounds  of  coughing, 
wheezy  asthmatic  breathing,  or  thoracic  splashing  sounds  at  a  certain 
distance  from  the  patient,  auscultation  proper  means  the  direct  or 
mediate  application  of  the  ear  to  the  surface  of  the  chest  for  the 
purpose  of  ascertaining  the  significance  of  the  various  sounds  pro- 
duced within.  Hence,  as  suggestively  descrilxkl  by  A.  L.  Loomis, 
auscultation  is  ''a  kind  of  oavosdropj)ing '" — listening  with  bent  head 
and  ap])ii(Ml  car  while  all  Uio  time  \\w  conditions  are  unseen. 

Historical  Note. — That  IIij)pocratcs  sliould  have  observed  and  de- 
Fcrihcd  sonic  of  the  phenomena  of  auscultation  is  not  to  Ixj  wondered 
at  so  nuich  as  that,  for  centuries  afterward,  so  few,  scattered,  and 
obscure  refercnees  to  auscultation  should  have  been  made.  Thus,  he 
described  and  named  th(^  succussion  or  splashing  sound  heard  in 
]>vopncumotliora.\,  an<l,  from  certain  ])assatres  in  his  works,  was  un- 
doubtedly accjuainled  with  the  creakin<r  friction  sound  of  pleuritis 
and  the  raltlinu:  sounds  of  catarrhal  (bronchial?)  aireetions,  although 
evidently  not  impressed  with  their  real  signilicance. 

\X  was  not  until  after  percussion  had  been  utilized  in  a  limitt^l 
wav  for  iiftv  vears  that    Laennec  (nsi-182n),  the  inventor  of  the 

«  «        ft  ^  f 

stethoscope,  first  practised  auscultation.  This  was  in  181().  Three 
years  of  dili^^ent  application  and  observation  enabled  him  to  become 
so  proficient  in  the  method  that  he  had  established  the  diagnostic 
value  of  ino>i  of  the  auscultatorv  si«rns.  and  forthwith  wrote  his 
classic  work,  in  ISl!),  the  **  Traite  de  TAuscultation  mediate  et  dos 
Maladies  (h's    Poumons  et   du  Cccur.''     Sk(xhrs  critical   analvsis  of 

ft 
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Laennoc's  results,  and  his  own  contributions  of  additional  data,  ospo- 
cialiy  in  demonstrating  tlie  physical  causes  for  each  of  the  ausculta- 
tory ^•i<rns  diseovere<l,  has  given  us  an  exactitude  of  information  and 
a  simplicity  and  practicality  of  classification  regarding  these  phe- 
nomena that  has  hardly  l)ecn  imj^roved  upon  since. 

In  later  years,  much  development  of  skill  in  this  method,  and  of 
prec-isioii  in  the  inferences  derived  from  the  physical  signs  elicited, 
as  a  nsult  of  able  and  frecpient  and  painstaking  cliniral  and  path- 
ologic investigation,  gives  auscultation  the  most  prominent,  produc- 
tive, and  promising  position  as  a  single  nietliod  of  physical  examina- 
tion among  the  others  in  the  nuijority  of  cases.  It  has  the  advantage 
that  percussion  lacks,  namely,  com])arative  easiness  of  itrhnic.  Acuity 
and  reliability  of  hearing  and  concentration  of  attention  are  as  neces- 
sary in  auscultation  as  in  percussion,  often  even  mon»  >o,  biM-ause 
of  the  mingling  of  the  respiratory  and  cardiac  sounds;  nevertheless, 
|>erseverance  usually  begets  a  grasp  and  mastery  of  both  methods  often 
so  soon  and  suddenly  as  to  be  surprising. 


METHODS 

Auscultation,  like  percussion,  may  l>e  con<lucted  in  two  wnys: 
imnif  din  tell/  or  medintcli/.  In  the  former,  the  cnr  i>  applied  diret-tly 
to  the  chest  wall,  with  nothing  but  a  na[>kin,  ihin,  ^d't  (unstarched), 
towel,  or  handkerchief  intervening;  in  the  latter,  or  indirectly,  help 
is  derived  by  the  use  of  an  inter])osed,  tubular,  conducting  in.-trument 
— the  stethoscope. 

Both  methods  are  used,  and  are  useful,  hut  ordinarily  tlie  ini me- 
diate method  is,  perhaps,  more  serviceable,  whicli  i<  (piite  tlie  opposite 
in  examining  the  heart,  where  a  stelhosc()j)e  is  essential  in  di'termin- 
ing  the  various  valve  sounds  and  munnuis.  in  general,  it  may  be 
.«:aid  that  immediate  auscultation  gives  us  a  betlt»r  idi^a  of  the  con- 
dition of  a  relatively  large  area  of  the  lung,  and  sometimes  of  dee])- 
soated  consolidations  and  cavities,  than  does  mediate  auscultation. 
On  the  other  hand,  for  circumscribed,  detailed  work  and  the  more 
superficial  pathologic  areas,  the  aid  of  a  stetho<copi?  should  be  re- 
sorted to. 

The  subjoined  advantages  and  disadvantages  of  the  two  methods 
may  be  enumerated,  to  serve  as  a  guide  in  judgment  as  to  which  one, 
or  whether  both,  should  be  em])loyed  in  any  ]iarticular  case.  The 
principal  advantages  of  immediate  nuscullafion  are,  that  {a)  it  is  an 
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easy  and  ready  method  of  application  to  obtain  a  broad  Hurvey  of  the 
physical  state  of  tlie  lungs,  and  yet  a  fairly  precise  knowledge  of  not 
too  small  areas,  wlille  where  rapidity  of  examination  is  required,  as 
in  emergencies  and  in  slates  of  exhaustion  or  grave  illness,  in  which 
the  patient  is  unable  to  sit  up  longer  than  a  few  moment?,  Mpecially 
to  have  the  back  auscnllated.  it  is  almost  indispensable;  (b)  the  puritj- 
of  Ihe  respiratory  sounds  is  l)etler  pri'served;  (c)  slight  and  super- 
ficial as  welt  as  deep  changes  of  sound  may  be  appreciated  more 
distinctly  with  the  ear  placed  closely-  In  some  eases  it  has  Iwen  my 
experieuee  that  certain  rales  and  rustling  jileuritic  friction  soundr>. 
pathologic  hrealh  sounds  even,  as  well  as  certain  cardiac  murmur* 
and  the  aueurismal  bruit,  were  better  recognized  without  than  with 
the  stethoscope;  (rf)  palpatory  sensitiveness  of  the  applied  ear  lielps 
to  realize  the  character  of  the  chest  movements,  feel  friction  thrills. 
and  discriminate  vocal  vibrations.  The  disadvantages  are  counter- 
bahmced  by  the  following  dominant 

Advantages  of  Stethoscopic  Aaacnltation. — (a)  Accuracy  of  local- 
ization, enabling  one  to  lislen  to  sounds  produceil  in  a  very  small, 
limited  space;  (6)  intensification  of  the  sounds  from  any  given  cir- 
cumscribed area;  (c)  where  It  is  impracticable,  for  anatomic  reasons, 
to  apply  the  ear,  as  in  the  supraclavicular,  axillary,  and  sometimes 
llie  sLipraseapiiiar  regions;  (il)  whenever,  in  using  Ihc  unaidi-d  ear, 
the  posture  necessary  to  be  assumed  is  constrained,  inconvenient,  or 
awkward;  (e)  sometimes  for  reasons  of  delicacy,  in  examining  fe- 
males, who  may  be  sensitive  in  having  the  head  applied  to  the  breast 
region;  (f)  to  avoid  being  soiled  or  contaminated  by  unclean  clothing 
or  bedding,  and  by  parasites,  or  infected  by  contagious  disease;  (g) 
excludes  external  sounds  (with  the  binaural  stethoscope). 

Among  the  disadvantages  in  the  use  of  the  stethoscope  are  these: 
(a)  It  modifies  the  true  quality  of  the  chest  sounds  by  the  adventi- 
tious roaring  and  other  sounds  due  to  the  construction  and  materials 
of  the  instrument;  (h)  it  intensifies  such  interfering  sounds  as  may 
be  caused  by  the  rubbing  of  hair  within  the  chest  piece,  or  of  adja- 
cent garments  during  the  movements  of  respiration;  (f)  it  may  re- 
quire more  time  to  examine  the  lungs  than  may  be  necessary  or  advisa- 
ble; (il)  ba!>es  are  often  too  restless  and  tender  to  pressure,  even 
slight,  and  children  are  frequently  alarmed  and  irreconcilable  at  the 
sight  of  a  stethoscope;  (c)  in  very  thin  and  emaciated  persons,  the 
circumference  of  the  chest  piece  does  not  fit  closely  throughout,  as 
the  surface  is  too  irregular  on  account  of  the  narrow  elevations  and 
depressions  of  (he  ribs  and  intercostal  spaces,  thus  admitting  extrane- 
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OU8  sounds;  (/)  a  trifling  and  yet  practical  objection  is  that  the 
stethoscope  is  not  always  conveniently  at  hand. 

The  truth  is  that  both  methods  should  be  learneil,  so  that  either 
may  be  adapted  according  to  the  circumstances  and  indications,  atten- 
tion being  given  first  to  the  direct  or  immediate  method  of  ausculta- 
tion, and  then  to  the  mediate  for  special  cases  requiring  detailed 
examination,  as  for  tuberculosis,  where  the  Bowles  stethoscope  is 
almo-t  essential. 

The  Stethoscope  and  its  Selection. — Stetlioscopos  are  of  two  types 
and  classes  of  adaptability  and  construction,  the  single  or  nfonaural 
and  double  or  hitiaural,  the  solid  or  stitl',  and  the  flexible.  The 
stethosc^jK?  invented  by  Laeunec  consisted  of  one  pieci.^ — a  crude 
cylinder  of  wood.  The  simple  stetliosco])es  an*  now  made  hollow,  of 
hard  rubber  throughout,  or  of  bell-metal  tube  and  chest  piece,  or  of 
bell-metal  tube  and  hard-rubl)er  chest  and  ear  pieets,  or  of  wood 
only.  The  tube  is  about  -li  to  (>  in.  long.  The  conical  or  bell-shaped 
thoracic  end  of  the  monaural  stethoscope  is  pn»ferably  made  of  hard 
rubber,  and  but  }  in.  in  diameter,  and  should  not  exceed  1  {  in.  Tlu* 
hard-rublKJr  ear  piece  should  be  large  enough  to  cover  the  whole 
concha,  and  slightly  concave — one  that  is  '2\  to  v^'j  in.  in  diameter 
is  alK>ut  right — and  is  usually  detachable  from 
the  tul)e  by  a  screw  thread,  for  convenience  of 
carrying  in  the  pocket,  as  in  the  Hawksley,  of 
Tendon,  stethoscope.  The  importance  of  a 
well-fitting  ear  plate  has  been  emj)hasized  by 
Walshe  to  be  **  as  necessarv  ...  as  to  tiv  on  a 
new  hat." 

While  the  single  stetuoscopm  has  been 
used  by  many  able  clinicians  and  practitioners 
with  satisfactorv  results  in  the  localization  and 
determination  of  the  character  of  sounds;  while 
it  is  handy  and,  for  one  whose  hearing  in  one 
ear  is  deficient  or  lost,  is  (piite  sullicient.  there 
are  certain  disadvantages,  however,  that  should 
be  pointed  out  here.  In  the  first  ])lace,  it  (b)e> 
not  shut  out  the  external  sounds  fn^e  to  enter 
the  other  ear;  and,  when  the  latter  is  held 
closed  by  a  finger,  roaring  sounds  are  a])t  to 

Ik*  caused  that  may  be  e(iually  confusing.  Secondly,  a  eonimon  ob- 
jection is  pressure  with  the  head,  the  weight  of  which  is  not  as  appre- 
ciable by  the  examiner  as  by  the  skin  of  the  patient,  to  whom  the 


Vui.  20.  -  IIawksi.ky's 
Sin«;lk  Stkthos*  oi'K 
(twf)  i)icces).  (Mus- 
ser. ) 
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alijiodt  invariable  pressure  marks  repi-eHent  nnpleasoiit,,  if  nol  pain 
fill,  sensations.  This  discomfort  !  have  seen  augmented  hy  the  awfc 
wardness  wliitOi  seems  unavoidable,  especially  Liy  l>eginners,  of  having 
the  chest  piece  slip  or  tilt  a  little,  Urns  digf^ing  more  deeply  into  the 
skin  on  a  part  of  its  cireumferentv,  till  liecausi'  tho  auscultator  mutit 
neinis  look  away  from  the  region  of  application  of  the  stethosropc, 
and  because  his  head  is  comparatively  insensitive  to  the  degree  of 
pressure  exerted  or  the  accuracy  of  placing  of  the  l>ell  end. 

The  BiNAintAL  stethoscope,  for  reasons  soon  to  he  given,  is  now 
much  more  generally  used  Uian  the  single  one, although  relatively  mon? 
often  in  auscultating  the  heart.  A  large  va- 
riety of  double  stethoscopes  has  been  deviseil 
Pince  Dr.  Cammann,  of  New  York,  in  18\n. 
invented  the  first  one,  composed  partly  of 
iiietn!  and  partly  of  flexible  tubing,  with 
hard-rubber  or  bone  or  ivory  conical  or  erul- 
ier-sjiapii]  ear  pieces  eltucheil  to  the  mclfll 
tubeiK,  and  a  lietl-shaped  hard-rubber  chi'st 
])ieci.'  to  join  the  flexible  ends.  The  auricular 
ends  are  usually  held  to  the  meatuses  by  n 
ruhbt!?  band  around  the  far  endsof  the  metal 
tiihcii,  or,  more  preferably,  hy  either  a  oiirveti 
flat  st<-el,  or  coiled  wire  spring.  .\  rubber 
band,  naturally  or  because  of  accidental 
wettings,  is  more  perishable  as  r^ard  both 
its  elasticity  and  continuity;  it  also  fre- 
quently causes  painful  pressure  in  the  ears 
when  stretched  to  or  near  its  utmost.  This 
leads  to  the  caution,  that  in  choosing  an  in- 
Jfl^  fS  /"^  ''trument  one  should  never  be  selected  un- 
^ -Mm  *Si^  ^^'^'^  **^  adjustment  to  the  ears  is  absolutely 
comfortable  both  as  to  shape  of  the  ear 
(fmcs  and  strength  of  spring.  On  the  other 
band,  as  in  those  with  narrow  heads,  spe- 
Fio.  30.— CAMM.iNN'.f  P(ic-  ''^1  '^"'^  must  be  exercised  to  avoid  a  spring 
ui-E  Stktiiohcih-k  A\n  so  weak  and  loose  that  the  proper  conduction 
gNEi.LiMi's  ItiTUUER  Dull.       f    .i  .  i      ^      n  '  i 

(MuMser)  "'  tlioracic  sounds  to  the  ears  is  not  an- 

nulled or  interfon'd  with. 
Tlic  i-iir  I'i'irs  sliotild  curve  so  as  to  point  in  the  direction  of  the 
ear  canal — tb.it  i.-^,  downwurd  and  forward.     Spheroidal  ear  pieces  are 
less  likely  to  press  loo  deeply  and  uncomfortably  into  the  ear  canal 
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than  conical  ones.  The  tubes  need  not  be  larger  in  t-alikT  tlian  the 
entrance  of  the  auditory  canal.  The  rubl)er  tubiiifr  wbidi  joins  the 
metallic  tubes  to  the  thoracic  piece  should  be  a-*  soft  and  tli»xil)lo  as 
is  consistent  with  purity  and  dura- 
bility of  material,  and  should  l)e  of 
sufficient  len«rth  so  as  to  allow  the 
examiner  to  change  the  position  of 


Fig.  31. — Shmplr  Form  of  Sanhom's  Bin- 
AUiiAL  Stetiiohcope.      (^Tvsoii.) 


Vui.  3'J.--l>iN.\i  »AL  Stetiioscopk 

(MUSMT.) 


the  chest  piece  frequently  without  haviiifr  to  move  his  head  or  body 
each  time,  as  must  be  done  with  tlie  -titr  woven  tiil)in<r.  and  so  that 
the  stethoscope  may  be  conveniently  folded  for  the  ])(H'ket. 

Jointed  stethoscopes,  however,  whetlier  of  the  h inured  s])rinir  vari- 
ety that  fold  longitudinally  or  vertieally  by  tlie  iiietallie  tiibin;,^  near 
the  spring,  or  that  are  detachable  whore  tlio  metallic  and  nietallie- 
tipped  rubber  or  woven  tubings  meet,  .-hoidd  be  avoided.  They  annoy. 
and  pervert  and  confuse  the  charaeteristie  sounds  (^f  the  eliest  by  oeea- 
sional  squeaks  and  inetallie  creaks,  int'Misified  by  \\\o  eonduetivity  of 
the  instrument:  the  smooth  metallie  junctures  may  also  slip  apart  with 
a  harsh  shock  to  the  ears  and  a  disagreeable  break  in  the  auscultation. 
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'I'lie  rhfui  pifff  is  madi.'  of  lian)  rubber  or  wood,  and  in  unlii 
that  it  may  eaeily  bt'  placed  in  (he  iiiti?rco?tol  spaces,  aixtnld  U(H  eutr^i 


CUCKT    FlECTE. 


J  in.  in  diaiiftiT.  Ordinarily  the  cliest  pit-cc  should  not  he  so  thick- 
wnllifl  us  III  iiiiiki'  il.->  intcrinr  calilwr  lit  the  iipfnT  half  as  Airittll  ft."  iu 
some  makes  nf  ini'tniment,  particularly  if  the  bell  ie  more  than  1  in, 
in  length,  but  should  mointain  a  rather  free 
ojK^'tiing  to  wlior^*  the  nihber  tubes  join  it,  «> 
Unit  llie  partial  partition  between  them  mav 
\n:  seen  within  the  aperture. 

Wheo  «  larger  thoracic  piece  is  desinble. 
iiml  one  that  wi!l  lie  in  Hose  to  the  skin  rc- 
j;nr(lli'ss  of  elevations  and  depressions,  a  soft 
rubl)er  be!l  may  be  attached,  aw  in  the  very 
satisfactory  Valentine  stethoscope,  which 
conducts  and  augments  the  sounds  re- 
markably well.  The  efficiency  of  this 
instrument  depends  partly  upon  tlie  siiu- 
plicity  of  construction  and  uniformity  of 
material  (mostly  of  hard  rubber),  and  part- 
ly on  account  of  the  smooth  finish  of  the  in- 
terior of  the  tubing  and  the  absence  of 
unnecessary  curves  in  the  tubes  connected 
with  the  ear  pieees. 

The  Bowles  stetuoscopk  deserves  spe- 
cial notice  as  the  most  recent  and  adaptable 
smmd  intensifier  in  use.      As  shown   hy  the 
Fi<i.34.-Bo«LE8'  stetho-  illustration,  it  differs  GBsentially  from  other 

SCOPE.      (lyson,)  '  •' 

binaural  stethoscopes  in  the  ehest  piece. 
This  is  somewhat  like  a  telephone  receiver,  consisting  of  a  shallow 
cup  of  steel,  over  the  mouth  of  which  is  fitted  a  diaphragm  of  hard 
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rubber,  thin  metal,  or  animal  membrane,  about  2  in.^  in  diameter, 
held  in  place  by  a  steel  ring.  The  disk  prevents  the  projection  of 
the  chest  tissues  into  the  cup,  and  may  also  serve  partly  as  a  reso- 
nator, although  this  is  denied  by  some  clinicians.  For  bedside  in- 
struction, the  Bowles  stethoscope  may  have  2,  4,  (>,  or  even  12  pairs 
of  ear  pieces  joined  to  it,  so  that  as  many  studiMits  may  listen  simul- 
taneously with  the  demonstrator,  and  thus  save  tlic  time  of  the  exam- 
iners and  the  strength  and  patience  of  the  patient.  The  transmission 
of  thoracic  sounds  through  so  much  tul)ing  of  the  multiple  Bowles 
stethoscope  diminishes  their  distinctness  as  compared  with  their  loud- 
ness when  heard  with  the  single  instrument,  but  is  about  as  (?ireetive 
as  with  the  ordinary  double  stethoscope. 

The  advantages  of  the  binaural  stethoscope  over  the  monaural 
are,  briefly,  greater  clearness  and  intensification  of  sounds,  directly 
because  of  the  nature  of  the  instrument,  indirectly  because  with  it 
external  sounds  are  excluded  more  easily.  Again,  one  sees  precisely 
■where  the  chest  piece  is  placed  wliile  listening,  that  it  does  not  slip, 
and  feels  sensitively  with  the  holding  finger  and  tliuinb  that  it  doe- 
not  press  uncomfortably  or  unevenly,  or  rub  against  hair  or  clothing. 
And  then,  for  those  whose  hearing  is  defective,  the  double,  the  Bowles 
stethoscope  especially  is  very  helpful.  Also,  with  the  latter  one  may 
quite  often  hear  distinctly  the  pulmonary  and  cardiac  sounds  througii 
several  not  too  thick  garments,  as  where  rapid  or  emergency  work 
may  l>e  required.  And  again,  with  the  Bowles,  the  larger  chest  pieee 
enables  the  examiner  to  auscultate  almost  as  large  a  lung  area  as 
with  the  unaided  ear.  Finally,  this  sanu*  variety  of  sletho>eope  is  au 
admirable  safegimrd  and  convenience  in  exaniiiiiug  the  posterior  re- 
gions of  the  lungs  in  patients  who  may  he  too  ill  or  exhausted,  as  from 
pneumonitis,  to  be  moved  to  a  si4ting  or  even  a  side  posture;  for,  by 
simply  pressing  down  the  bedclothes,  the  flat  chest  piece  may  easily 
be  applied  to  the  back  and  axil  he. 

A  binaural  stethoscope  may  have  thes(^  disadvantages,  namcOy:  to 
learners  in  particular,  until  accustomed  to  its  use,  the  accompanying 
humming  sound,  especially  if  slight,  tends  to  confuse  or  subordinate 
the  true  respiratory  sounds,  unless  loudly  manifest ;  hut  the  rhythmic 
character  of  the  functional  sounds  are  soon  read  11  v  difTerentiat(»d  from 
the  instnmiental  hum.  The  larger  size  of  the  Bowles  chest  piec(^ 
prevents  its  being  used  satisfactorily  in  the  supraclavicular  spaces, 
and  between  the  ribs  in  emaciated  subjects. 


^  There  is  also  a  useful  1  ^  in.  disk. 
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The  piiuN c^NDOBCOPE,  devised  bv  the  Italians  Bazxi  and  Bianclil 
though  siiiiiliir  in  tiie  L-onstniction  of  its  thoracic  end,  lias  no  sdvan- 
tage  over  tin-  ordinary  *telho*oope  for  gem-ral  niiwultation.  and.  im 
ttte  niiwT  hand,  is  l«»s  crniTimii'nt  li>  nnj 
and  use.    It  consiet*  of  a  metallti'  dnim  siin- 
ilar  lo  but  dw|jcr  Ihaii  that  of  tlw;  Bawie 
stt'tlioscnpe.  and  «  little  lar^rer  in  diaim'tiT. 
til  the  undor  side  of  which  two  hard-rubW    | 
di^ks  arc  attucliwl.  an  iniirr  for  din'«'t  appli-    | 
ciitimi  to  the  cheet,  and  an  outer,  whii-li  may    J 
W:  w?rcwed  down  alnnwl  in  contact  with  the    j 
iitlii^T  ne    nf    a    rotainin^    inetalhc. 

inillpfl-  m.    In  the  opnter  of  the  otit*r 

disk  ii  «:  \ng.  into  vrliich  fiiay  W  !wn'»red 

a  ^teej  it  bout  S  in.  long  and   i   in.  in 

dianiL'tcr.  le  oiitiT  (-slTCmity  of  which  • 

hard-ruhlict  u.itton  ii  fixed,  about  J  in.  in 
diameter.  T'  e  inner  disk  is  applied  wh<rn 
hirp:-  ar(«a  i  to  be  esamincd,  mont  partic- 
ularly of  the  angs,  while  the  outer  disk  and 
butUin{>d  Bt(!».  are  used  when  very  small 
aifiis.  i-;pivially  the  valves  of  the  heart,  are 
I"  !"■  aiiPfullnte<i,  or  in  the  practise  nf  aii^;- 
(ultnlnrv  percussion.  When  not  in  use  llu' 
sli'iii  iw  hi'ld  hy  two  email  rings  on  the  top 
•  •[  llic  drum,  where  also  the  8oft-nihl>er  con- 
liiirlliij:  Uiljcw,  with  their  ear  pieces,  an'  al- 
laclird.  The  phonendoscope  is  indeed  a  sen- 
'  '  '",■1  ii'.i'','iUcV,.!r'''''^  sitivo  in^ilrument,  slight  alterations  in  the 
liri'uth  sounds,  mncous  clicks,  friction  ru.*- 
llcs,  iiiul  LJiundurs  being  intensified  to  a  more  distinct  audibility,  and 
the  clianges  of  time  and  pitch  in  approaching  the  borders  of  organs 
being  mapped  out  by  auscultatory  percussion,  or  merely  scratching  the 
skin  near  the  steiu  huttnn  as  it  is  moved  accordingly,  are  especially 
helpful  in  accunile  physical  diagnosis. 

Tbo  DiFFKHKNTiAL  STKTnoscorK,  whlch  is  pTacticallv  a  divided 
binaural  histruiucnt.  witli  two  separate  soft,  flexible  tubes  attached 
respectively  (o  a  cbcit  piece  for  earh  ear  to  receive  sounds  througb. 
may  .serve  a  valuable  amount  of  information  in  comparative  work. 
Thus,  it  may  be  iised  to  determine  differences  in  time  or  rhythm  of 
abnormal  respiratory  sounds  over  different  localities  simultaneously, 
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or  in  the  qualit}-  or  loudness,  synchronousness,  or  transniissibility  of 
cardiac  mumiurs. 

After  all  that  has  been  said,  the  student  sliould  choose  that  stetlio- 
scopc  which  best  evidences  good  augmenting  and  transmitting  capac- 
ity, simplicity  and  durability  of  make,  comfort,  and  C(mvenicnce  in 
handling,  ami  then  .s/iVA*  to  that  until  ho  is  thoroughly  accustomed 
to  its  individual  peculiarities  in  conveying  auditory  imi>ressions  under 
various  circumstances  and  in  the  varying  eonditions. 

Technic  of  Auscultation. — The  pntirnt  should  i>e  in  a  riuiet  room. 
so  that  tlie  examiner  may  not  be  interru])le(l  and  liandicapped  by 
noises  and  talking.  Both  persons  shouM  assume  vMisy,  comfortable. 
and  unconstrained  positions.  If  possible,  ibe  pati^'nt  sboubl  stand 
or  sit,  the  arms  hanging  loosely,  as  for  in>peetion,  a  l)binket  being 
thrown  over  the  shoulders  to  avoid  anv  ebill.  Tbe  attitude*  should 
also  be  svmmetrical,  anv  lateral  or  twisted  posture  of  tbe  bodv,  as 
by  supporting  one  band,  or  resting  on  one  fool,  or  leaning,  causing 
uni'<iual  breathing  movements  on  the  two  side<.  In  i'xamining  tbe 
]x>sterior  surface  tbe  patient  bends  tbe  body  slightly  forward,  folding 
tlie  arms  in  front  of  the  chest,  as  for  percussion.  In  direct  ausculta- 
tion, the  surface  to  be  auscultated  must  have  notbimr  between  it  and 
tlie  observer's  ear  but  a  thin,  soft  towel,  handkerebief,  or  light-weight 
undershirt,  while  for  stethoscopie  work  tbe  skin  must  be  bared,  in 
women  as  well  as  men,  although  in  some  eases  drtmninatiou  and  tact 
of  manner  and  speech  nuiy  be  necessary.  In  tbo<(>  wbo  are  so  ill 
that  recumbency  is  imperjitive,  after  examining  tbe  anterior  regions 
of  the  chest  with  the  patient  lying  tlat.  be  may  be  turn<'d  gently  \n 
either  side,  care  being  taken  not  to  exhaust  him  by  t«)o  b-nglhy  an 
examination,  but  reserving  the  less  essential  regions  for  subse(ju<'ut 
investigation.  Then  tbe  back  may  be  auscultated  more  conveniently 
by  having  the  night-dress  open  there  by  a  long  slit  from  tbe  neck 
down. 

As  it  is  necessary  that  both  sides  of  tbe  elust  should  be  able  to 
move  with  ecjual  freedom,  constricting  clothing,  eor-evs,  braces,  and 
the  like  should  be  released  or  removed;  and  the  fallacious  liabit  of 
auscultating  one  side  and  then  the  other,  in  front,  while  the  pati(»nt 
alternately  holds  open  and  aside  tbe  intervening  garments,  mu>t  ]>ar- 
ticularly  be  avoided,  so  as  to  prevent  the  imperfcvt  and  uneven  results 
of  muscle-sound  interference  and  altered  respiratory  movement  on 
the  two  sides  due  to  muscular  constraint. 

At  the  commencement  of  auscfilfafion  it  is  usually  advisable  to 
listen  to  the  breathing  sounds  while  the  patient  respires  as  he  is 
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ordinarily  accustomed  or  iTiolhwd  to  do.    Some  pcCTOPB  became  nsr- 
ously  confused  and  puxded  when  leqneBted  to  bresChe  natoni^; 
others  require  absolute  and  explicit  goidanoe  and  directionB^  and  ow- 
dinate  their  respiratory  yariationa  of  movement  quite  satiafaelori^. 
In  all  cases,  a  natural  ease  and  freedom  of  expanaiony  with  the  moifli 
closed,  should  be  aimed  for.    The  respirations  ahonld  be  deep,  gradul, 
and  regular,  and  not  violent,  sharp  or  sudden,  and  jeri^  or  lifiL 
Grunting,  moaning,  and  moist  clicking  or  rattling  sounds  in  Ik 
throat  should,  as  much  as  possible  during  auscnltationy  be  suspended 
by  instructions  to  the  patient,  or  be  aUowed  for  as  to  their  origin. 
Wc  may  aid  the  patient  by  performing  the  respiratoiy  act  properiy 
ourselves,  and  then  having  him  imitate  us  as  doaely  as  poesiUe. 
Asking  the  patient  to  sigh  helps  to  elicit  a  satisfactory  breath  sound; 
coughing  may  do  likewise,  the  few  inspirmtiona  immediately  following 
being  necessarily  full. 

To  insure  placing  the  ear  exactly  over  the  spot  to  be  auscultated, 
it  is  well  to  put  the  tip  of  the  index  finger  at  the  point  desired,  and 
then  apply  the  ear  so  that  the  auditory  opening  oorreaponds  to  the 
place. 

The  examination  should  be  conducted  $fi$t0maiioallf  and  compara- 
ticeh/ :  we  first  auscuUate  the  apices,  then  the  lower  regions  anteriorly, 
thiMi  {\\v  lateral  aiul  posterior  aspects  of  the  chest,  always  comparing 
convspoiidinir  ])arts  of  the  chest  on  the  two  sides.  Often  it  is  neces- 
sarv  to  contract  differont  regions  on  the  same  side.  No  auscultation 
is  (oniplctc  unless  the  entire  chest  is  examineii  carefully  and  critically. 
as  evidences  of  dist»ase  may  be  discovered  where  such  symptoms  as 
j)ain  may  l)e  al)sent.  It  is  iiettor  not  to  linger  too  long  over  one  spot, 
so  as  to  avoiil  eont'usiim  of  the  ear  bv  too  marked  an  auditory  im- 
pression.  but  ratber  to  fre<iuenlly  alternate  between  symmetrical  re- 
^^ions  >o  as  to  note  sli*rbt  differences  of  sound  that  may  have  any 
])atliolo^ne  si<:nilieanee.  It  is  well  also  to  get  accustomed  to  using 
both  ears,  should  any  exigencies  in  regard  to  the  disability  of  an 
inconveniently  ])osture(l  patient  or  on  the  part  of  one  of  the  exam- 
iner's ears  aris(». 

The  Use  of  the  Stethoscope. — Xext  to  the  selection  of  a  suitable 
sletboseo]>e  is  its  projx'r  application  in  practise.  With  the  binaural 
the  slu(b'nt  can  readily  become  accustomed  to  its  intrinsic  character- 
istics, and  the  normal  breath  as  well  as  heart  sounds,  by  applying 
the  chest  cm]  to  his  own  bared  skin  before  using  it  upon  that  of  his 
feUows  and  obliging  fritauls,  and  then  upon  hospital  attendant's,  con- 
valescents, and  patients. 
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The  essential  thing  about  the  act  is  really  mental  rather  than 
mechanical ;  that  is,  concentration  of  attention  must  be  trained  so  that 
one  learns  to  hear  only  those  functional  sounds  to  which  the  perception 
may  be  directed.  In  listening  to  the  breath  sounds,  for  example,  the 
heart  sounds  are  also  heard  with  more  or  less  distinctness,  according 
to  the  location  auscultated;  but  while  the  ear  naturally  receives  the 
vibrations,  the  mind  must  hear  the  respiratory  murmur  alone,  and 
deliberately  disregard  all  other  sounds  for  the  moment,  whether  or- 
ganic or  external  to  the  body.  To  hear  the  breath  sounds  merely  is 
not  difficult  ordinarilv,  but  to  discriminate  them  from  the  extran(H)us 
and  cardiac  sounds,  as  one  wills,  reipiires  training  to  attain,  just  as 
(me  may  attend  to  the  words  si)oken  by  another  in  conversation,  or 
to  the  ticking  of  a  clock,  although  the  sound  vil)rations  of  both  are 
being  transmitted  to  the  auditory  apparatus. 

The  points  of  disadvantage  of  the  single  and  binaural  stethoscopes 
alreadv  enumerated  mav  indicate  some  of  the  errors  to  be  avoided  in 
their  use.  Thus,  care  must  be  exercised  that  painful  ])ressure  is  not 
produced  by  the  head  in  using  the  monaural  instrument,  and  that  it 
does  not  tilt  or  slip,  and  so  cause  part  of  the  chest -piece  circumference 
to  be  without  contact,  or  to  prematurely  change  its  location. 

With  the  doulile  stethoscope  one  sees  the  position  of  the  chest 
end,  and  with  the  thumb  and  finger  may  press  with  just  sutlicient 
firmness  to  secure  perfect,  comfortable,  and  stable  apposition,  at  the 
same  time  resting  the  little  finger  on  the  chest,  if  necessary.  I'atients 
who  are  standing  or  sitting  while  under  examination,  and  who  may 
be  easily  inclined  to  shrink  away  under  the  pressure  of  a  stethoscope, 
should  be  supported  by  the  examiner's  free  hand  ])laee(l  around  the 
back,  for  instance,  when  auscultating  the  front  of  the  chest. 

Xot  only  must  one  learn  to  disregard  unav()i(lal)le  noises  from  the 
street  or  building,  or  even  in  the  room  when;  the  auscultation  is  done 
— although  in  the  latter  (piiet  should  be  insisted  on — but  also  those 
extraneous  sounds  produced  by  the  manipulations  of  the  stethoscope, 
and  especially  the  rubbing  sounds  occasionally  caus<»d  by  hair  on  the 
chest,  or  by  an  adjacent  garment.  Unless  carefully  recognized  by 
moving  the  chest  piece  over  the  skin  and  noting  the  results,  pleural 
or  pericardial  friction  sounds  may  wrongly  be  inferred.  A  harsh, 
very  dry,  and  hair}'  skin  may  Ixj  oiled  so  as  to  prevent  any  crepitating 
sounds  of  a  deceptive  character,  or  a  soft-rubber  cap  may  be  put  over 
the  chest  piece. 

Clicking,  snapping,  or  crackling  sounds,  due  to  slight  motion  of 
metallic  hinged  or  adjusted  parts,  the  vibrations  of  a  spring,  or  the 
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movoments  of  the  fingers  holding  the  chest  piece,  may  resemble  ali- 
normnl  adventitious  sounds  from  within  the  thoras  unless  accounted 
for  by  close  observation.  Movements  of  the  examiuer'B  head  while 
auscultating  may  result  likewise.  To  avoid  finger-friction  Bounds  the 
cheat  end  should  be  grasped  so  firmly  that  there  may  be  no  slipping. 
Kinking  of  the  rubber-tube  connections,  or  their  contact  with  the 
skin  or  clothing,  should  l>e  guarded  against  also. 

It  is  important  that  the  tar  pieces  point  upward,  as  the  metallic 
tubing  is  held  horizontally  before  placing  the  stethoscope  to  the  ears, 
as,  if  they  are  introduced  in  the  downward  pointing  direction,  their 
openings  press  against  the  wall  of  the  ear  canal  inslead  of  being 
directed  axially,  and  thus  humming  sounds  interfere  with  those  from 
the  thorax. 

Finally,  the  importance  of  having  Uie  patient  assume  an  ea'^y. 
roIaxL>d  position  during  stethoticupic  auscultation  is  seen  in  view  of 
the  fact  that  the  sounds  of  inus<;ular  contraction  are  more  readily 
perceived  than  when  the  ear  is  directly  applied  to  the  chest,  and  that 
tliey  may  he  mietakcn  for  rales  of  the  "  distant "  or  "  indeterminate  " 
lypo,  sometimes  referable  to  obscure  or  subacute  pleural  or  pulmonary 
conditions.  The  tension  of  cliest  moBcles  is  more  noticeable  during 
inspiration  than  expiration  (oyer  the  pectorals  in  front  and  the  trape- 
zius and  latissimus  behind),  especially  in  those  who  endeavor  nerv- 
ously to  maintain  an  erect  and  favorable  position. 

Muscle  sounds  have  a  low-pitched,  continuous  roaring  quality,  or 
consist  of  several  short,  dull,  higher-pitched  rumbles  rapidly  succeed- 
ing each  other.  They  are  analogous  to  the  sounds  produced  by  stron^ 
contractions  of  the  masseter  muscle  while  the  teeth  are  clenched;  if 
at  the  same  time  the  ears  are  held  closed  with  the  fingers,  one  hears 
typical  muscle  sounds. 

The  adventitious  sounds  or  rales  associated  with  pulmonary  dis- 
eases may  be  distinguishcil  from  these  muscle  sounds  by  their  more 
bubbling  or  crackling  character,  their  clearer  and  more  sharply  de- 
fined quality,  and  shorter  duration. 

AUSCULTATORY  PHENOMENA 

Oii^'c t(\.— Auscultation  is  practised  for  the  purpose  of  studying 
princii)al]y  three  classes  of  physical  sign.<:  (1)  The  respiratory  mur- 
murs, or  bri'tilh  sounds;  (3)  rales  and  friction  sounds — superadded 
abnormal  soiinds;  (;i)  mctil  renonanre.  or  the  sounds  of  the  voice; 
transmitted  cough  and  licart  sounds  may  be  included  here. 
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THE  SOUNDS  OF  NORMAL  RESPIRATION 

In  listening  over  the  normal  chest  we  detect  two  types  of  respira- 
tory murmur:  (a)  the  vehicular-,  (b)  the  bronchial,  A  third  variety 
of  breath  sound  is  heard  normallv  which  consists  of  a  combination 
of  these  two  types,  and'  is  therefore  calked  brouchovpsicular  breathing 
— the  "indeterminate''  murmur  of  Kuropean  writers. 

These  types  of  breath  sounds  are  r(H'o<rnizcd,  liowevcr,  not  by  a 
mere  naming;  of  citlier  as  it  may  be  found  at  a  particuhir  desi^jnateil 
sjK)!,  but  l)y  an  attentive,  painstakintj,  critical  examination  and  anal- 
ysis of  the  attributes  or  elements  wliich  give  tlicm  their  s])ecial  cliar- 
act  eristics.  This  pertains  to  both  the  ins  pi  ni  tort/  and  crpirfitonj 
sounds.  Thus,  we  learn  to  distinguish  each  variety  of  respiratory 
murmur  by  (as  in  percussion)  the  (jiialifi/,  audilnlitif  or  hnidnesSy 
pifrh,  duration,  and  the  relalive  length  of  inspiration  to  expiration,  or 
rhythm. 

(1)  Bronchial  Breathing. — This  type  of  breath  sound  is  described 
first  because  it  is  easy  to  recognize,  and,  although  not  heard  over 
normal  lung  parenchyma,  is  nevertheless  the  most  commonly  met 
with  where  the  vesicular  breathing  is  abolished,  especially  in  pneu- 
monitis and  tuberculosis.  Nornudly,  it  is  heard,  however,  if  one 
places  the  stethoscope  against  the  trachea,  just  al»ove  the  suprasternal 
notch,  or  over  the  larynx,  or  over  either  of  the  ])riinary  i)ronc]ii  near 
their  union  with  the  trachea,  at  the  u})per  ])()rti()n  of  the  sternum. 
The  sound  of  bronchial  breathing  is  harsh,  blowing,  tul)uiar  in  cpial- 
ity.  It  is  loud,  high  in  pitch  both  during  ins])iration  and  expiration, 
depending  upon  the  strength  and  rapidity  of  the  breathings,  though 
the  expiratory  sound  is  frequently  higher  pitcixMl  tlian  the  inspiratory, 
and  each  commences  and  ends  with  a  sustained  intensity  and  pitch. 
Both  sounds  may  l)e  e(pial  in  duration,  but  more  often  expiration  is 
heard  a  little  longer  than  inspiration.  TIktc  is  a  slight  break  or 
pause  between  them,  probably  due  to  the  fact  that  the  inspiratory 
sound  does  not  continue  quite  as  long  as  the  in>piratory  act. 

Skoda  very  well  described  the  quality  of  tlu*  sound  of  l)ronchial 
breathing  as  corresponding  closely  to  that  produced  by  })u(ting  the 
mouth  in  the  position  of  pronouncing  the  (Jerman  '*  ch  "  or  the  nmgli 
aspirate  "h,"  and  then  breathing  deeply  and  regularly.  It  may  be 
imitated  also  by  blowing  through  a  tube,  as  a  single  stethoscope  of 
good  caliber.  The  physical  attributes  of  intensity,  piteii.  and  dura- 
tion of  the  bronchial  breathing  sound  are  characteristic  of  it,  and  have 

no  necessary  relation^  in  their  various  alterations,  to  those  of  tlie 
12 
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vesicular  type  of  breathing  sound.  That  is,  llie  student  may  remem- 
hor  that  such  an  acoustic  law,  for  instance,  as  the  lower  the  pitch  the 
louder  the  sound,  ceteris  puribus,  holds  for  either  the  bronchial  or 
the  vesicular  breatUinw  sounds,  respectively;  but  it  may  not  do  ?o 
interchangeably  under  either  normal  or  pathological  conditions,  since 
the  qualities  arc  entirely  different,  and  the^e  are  fundamental.  This 
statement  is  made  here  to  anticipate  the  confusion  of  mind  which  I 
have  witnessed  in  many  students  at  the  seeming  contradiction  of  high- 
pitched,  loud  bronchial  breath  sound  and  comparatively  low-pitched 
vesicular  murmur  of  soft  intensity:  ihe-ie  are  their  respective  charac- 
teristics, regardless  of  any  relation  of  (he  variable  attributes  of  one 
to  the  other,  while  such  varia- 
tions (nornial  or  pathologic)  of 
subject  to 
the  laws  of  sound  already  indi- 
cated. 

Bronchial  breathing  is  also 
heard  in  the  interscapular  space, 
near  the  root  of  the  lungs.  It  is 
prodiici'd  by  the  impartation  of 
motion  to  the  tracheobronchial 
folui.iii   (jf  air   by   the   oblylikc 

gloliidis 


lu-liiis.   near   the   tra- 
Is    audibility    is    llie 
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seventh  cervical  vertebra.  In  persons  with  thick,  heavy  chest 
walls,  the  intensltj'  or  the  hrnnL-hial  snaml  niiiy  he  ileciflfdiy 
diminished,  but  the  tubal,  piping  quality,  ami  hitrb-piti'he<l. 
relatively  prolonged  expiration  is  nevi'rthclftis  charaftLTistically 
audible. 

(3)  Hormal  bronchoTesiculaF  breath  sonnd  is  an  imperfect  variety 
of  ijroncliiol  brealliing,  havinr;  some  of  the  attributes  of  tlie 
vesicular  or  true  lung 
sound  without  haviTig 
lo-^t  those  of  the  brnu- 
chial;  it  in  an  inter- 
mediate, indeterminati'. 
or  mixed  re*piratoiy 
sound,  on  the  border - 
line  between  bi-onchial 
and  vesicular  respira- 
tion. It  is  heard  espe- 
cially over  the  right 
apex,  including  the 
riglil  infraclavicular  re- 
gion: also  in  passing 
with  the  stethoscope 
frnm  the  tracliea  and 
one  of  the  primary  bron- 
chi over  the  sternum. 
downward  and  outward 
for  a  very  short  distance. 
variable  in  different  indi- 
viduals, barely  more  tliau 
1  to  2  in.,  until  the  vesic- 
ular type  of  lung  paren- 
chyma is  reached  unmodified  by  the  predominance  and  largeness  of 
caliber  of  adjacent  bronchial  tubes. 

The  bronchial  element  mixed  witli.the  vesicular  which  the  bron- 
chus on  the  right  side  imparts  in  the  infraclavicular  region  is  a  feature 
of  cnnsiderable  practical  importance  which,  when  taken  in  connection 
with  the  other  normal  physical  signs  in  this  region,  may  easily  he 
mistaken  for  the  physical  evidences  of  the  early  stage  of  tuberculosis, 
as  compared  with  the  left  side.  The  expiration  is  a  little  harsher, 
higher  in  pitch,  and  longer  than  that  of  the  vesieular  breathing,  but 
a  little  less  pronounced  in  lliosc  characteristics  tlum  in  the  bronchial 
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breathing.  Inspiration  is  also  slightly  feebler,  relatively  longer,  and 
lower  pitched  than  the  bronchial  sound. 

(3)  Vericnlar  Breathing. — This  is  typical  normal  lung  sound, 
heard  wherever  the  larger  bronchi  are  not  within  auscultatory  dis- 
tance; that  is,  it  is  audible  over  every  portion  of  the  chest  wall  cor- 
responding to  the  surface  of  the  lungs,  with  the  average  exception 
of  the  right  infraclavicular  space  inside  the  midclavicular  line  and 
the  interscapular  region  to  the  third  or  fourth  dorsal  vertebra.  It  is 
most  distinctively  heard  in  the  infrascapular  region,  in  good  breathers 
in  the  axillary  regions,  and  in  the  left  infraclavicular  region  not  t(M) 
near  the  left  bronchus.  Its  characteristic  quality  is  breezy,  rustling, 
like  the  sighing  sound  produced  at  a  distance  by  leafy  tree  branches 
in  a  grove  swayed  by  a  gentle  wind,  whereas  the  bronchial  sound  may 
be  likened  more  to  the  piping  swish  of  a  wintry  blast  through  the 
bare  boughs  of  a  forested  plot.  The  vesicular  sound  may  be  imitated 
most  nearly  by  placing  the  lips,  almost  closed,  in  the  position  to  say 
'*  f  "  or  ''  V,"  and  then  gently  drawing  a  current  of  air  inward,  as  for 
the  "  f,''  to  reproduce?  the  inspiratory  portion  of  the  sound,  whih*  the 
short  expiratory  sound  is  simulated  better  by  the  "v'*  characteristic 
in  letting  the  breath  escape. 

The  INTENSITY  of  the  vesicular  sound  varies  in  different  indi- 
viduals, being  ircnernlly  softer  and  feel)l(M'  to  a  inark(Hl  degree  as 
compared  to  the  Iraelieal  or  bronchial  breath  sound,  and  in  some 
instances  hardly  audihh'  at  all.  The  ins])iratorv  ])art  of  the  sound 
is  louder  than  the  (expiratory.  It  does  not  commence  in,  but  ascends 
to  its  maximum  intensity,  which  is  not  (juito  maintained,  however, 
uj)  to  the  end  of  the  act,  or  the  heirinnin<^^  of  ex])iration;  on  the  otluT 
hand,  the  expiratory  sound  is  loudest  at  it<  cojumencement,  and  dies 
away  so  ra])idly  that  it  <M'ases  to  he  heard  throu;^hout  nearly  the  latter 
three-fourths  of  the  expiratory  relaxation  of  the  alveoli  and  recoil 
')f  the  chest  wall. 

('om|»ared  with  the  nrcn  of  laryn^^^^al  or  bronchial  breatliin;i, 
that  of  the  vesicular  murmur  is  low.     'Hie  ex])iratorv  sound  is  usually 

La  • 

lower  in  pitch  than  the  in-[)iratory,  allhou^rh  in  sojiie  cases,  as  pointed 
out  hv  a  few  authors,  it  lunv  \k'  >li;»htlv  hiucher;  I  have  found  this 
to  he  so  pi'inei])ally  in  children. 

The  relative  niKAiiox  of  inspiration  and  ex])iration  is  character- 
istic of  the  voieular  hrealli  ><»unil ;  that  i>,  the  former  is  three  or 
four  limex  l<»ni:rr  than  the  latter.  Iiiiilii  here  a  careful  discrimina- 
tion mu-i  Ix'  made  to  a\oid  a  -eemiuL^  contradiction  between  the 
phy^iol()i:i-t  anil  the  phy>ical  (lia,irno>lieian,  and  consequent  confusion 
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in  the  student's  mind.  For,  as  a  physiologic  function  or  act,  the 
ratio  of  inspiration  to  expiration  is  ahout  as  5  to  fi,  in  relative  lengths; 
whereas,  as  a  clinical  fact,  their  relative  durations  of  audibility  are 
as  3  or  4  to  1.  The  inspiratory  sound  is  heard  with  sufficient  length 
to  indicate  its  breezy  quality,  while  the  expiratory  sound  is  heard,  if 
at  all,  as  a  mere  soft  puff  or  whiff  of  air.  Thus  it  is  that  absence 
of  the  expiratory  murmur  is  practically  never  pathologic,  a  relative 
lengtliening,  on  the  other  hand,  accompanying  nearly  all  of  the 
morbid  conditions  of  the  lung. 

An  important  feature  of  normal  vesicular  respiration  is  the  very 
short  pause  between  the  inspiratory  and  expiratory  ]>()rtions  of  the 
act,  the  sounds  followinj;  eacli  other  so  closclv  that  thev  are  virtuallv 
continuous.  The  nearer  one  approaches  reixions  of  the  production 
of  bronchial  sound,  whether  normal  or  abnormal,  the  more  distinct 
on  auscultation  becomes  the  pause  Ix^tween  inspiration  and  expiration. 

The  RHYTHM  or  rate  of  recurrence  of  tii(,^  sounds  of  inspiration 
and  expiration  is  characterized  normally  by  regular  intervals. 

Origix. — Opinions  vary  as  to  the  precise  cause  of  the  sound  of 
vesicular  or  cell  breathing.  None  of  the  theories  proposed  have  re- 
ceived, as  yet,  demonstration  by  positive  ])roo fs. 

According  to  Laennec  and  others,  the  sound  is  produced  by  the 
entrance  of  the  air  into,  and  its  expulsion  from,  the  air-cells — by 
the  friction  of  the  air  in  its  passage  in  and  out  of  the  bronchioles 
and  alveoli,  against  their  walls.  The  more  j)robal)lt*  hypothesis  of 
Baas,  Penzoldt,  and  perhaps  the  majority  of  writrrs  an<l  experiment- 
ers, attributes  the  vesicular  muruiur  to  the  modified  laryngotracheal 
sound  transmitted  downward  with  rediiced  force  and  increased  diliu- 
sion  through  the  branching  and  diminishing  i-apaeity  of  the  bronchial 
tul)es,  and  softened  by  the  distant,  dissipating  eflVet  of  the  vibrating 
and  absorbing  spongy  vesicular  lung  tis>u(».  Tiiat  the  vesicular  breath 
sound  is  really  the  bronchot radical  scmnd  modi  lied  by  its  eonduetion 
and  prolongation  into  the  bronchial  ramifications  and  alviH)li  may  be 
shown  in  the  fact  that  when  the  latter  are  dej)rived  of  air  by  the 
disease  products  in  consolidated  lung,  as  in  j)neumonitis,  the  harsh 
tubular  breathing  is  transmitted  rcjadily  to  the  chest  wall,  and  thus 
to  the  ear,  the  muffling  effect  of  the  air-cells  being  in  abeyance,  and 
the  intensifying  effect  of  the  solidilied  lung  being  superad<kMl.  At  the 
same  time,  it  cannot  be  trulv  denir'd  that,  if  onlv  to  a  minor  degree, 
the  vibrations  at  the  terminal  portions  of  the  bronchi,  at  the  instant 
of  vesicular  dilation,  may  be  contributory  factors  in  the  production 
of  this  respiratory  murmur. 
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Ad  the  larger  broiicliial  tubes  branch  off  info  the  smaller,  ami  th* 
latter  inlo  (he  bronchioK's,  not  only  is  the  harsh,  Wonring  charaetrt 
of  tbo  bronchial  sound  softentil  and  damped  ljy  the  coQa(H|utnt  diffa- 
sioii  juid  interfering  reflwliou  of  wuttkcni^d  and  suporadd<?d  aerial 
vibrations,  but  also  by  tbt*  gradual  slniclural  changes  in  the  irall* 
of  the  tiibi>s.  That  is,  as  the  homogeneity  of  stnioture  of  the  larger 
bronchial  lubes,  with  their  cartilaginous  ami  muscular  walls,  become 
lost  in  the  transition  to  the  clastic  membranous  bronchioles  and  alvi- 
oli,  the  pronounuiHl  tubular  quality  and  intensity  become  dimlDishnl 
auil  fonf  lined,  owing  to  the  loss  of  conductivity  of  the  tissue  vibratiuot 
of  tbo  laltOT  an  compared  with  the  former. 

The  reason  why  the  expirat  d  is  not  so  long  nor  jio  loin! 

aa  the  inspiratory  is  probably  bova"-!  the  latter  instnneo  the  vilirul- 
ing  current  of  air  is  directed  tow(  i  auscultating  ear,  mid  in  the 

former,  from  it.  This  ie  augmented  i  the  fact  that  the  inspimi-irj- 
movi'mcnt  is  normally  more  cnerge  lan  the  espirulory;  it  is  tW 
combination  of  muscular  and  utniosplic  c  force  in  the  oiii;  case  flgaiu4 
the  simple  recoil  and  relaxation  of  the  »  r  vehicles.  Again,  the  tension 
of  the  alveoli  during  inspiration  rend  s  the  breath  sound  loudt-r  at 
tliis  time  because  of  the  greater  conductivity  of  thoir  tissue. 

Nohmal  Variations. — Quite  compatible  with  a  normal  i^tatc  of 
the  lungs,  there  are  certain  peculiarities  and  variations  of  vesicular 
breathing  wliich  need  lo  be  recognized.    The  first  of  these  is: 

.■ly. — In  children  uniler  about  the  twelfth  year,  the  vesicular 
murmur  is  e.vaggcraled,  linrsher,  and  louder  than  in  adults  of  middle 
age.  This  increased  intensity  is  characteristic  of  the  expiration  as 
well  as  of  the  inspimtion.  As-will  be  pointed  out  later,  lung  that  is 
doing  extra  or  e"m|xmsalory  work,  because  of  another  portion  of  lung 
llial  is  disabled  by  disease,  produces  an  exaggeration  of  the  vesicular 
breiUli  souiul  which,  resembling  the  normal  quality  and  intensity  of 
the  breiilhiug  of  childhood,  is  often  spoken  of  as  puerile  respiration. 
That  tiiis  peculiarity  is  due  to  the  relatively  smaller  and  more  elastic 
vesicles,  with  ci)nse<iuent  larger  relative  proportion  of  bronchial  tissue, 
and  more  rosistuuee  to  the  ins[iLrntory  elTort  calling  for  more  forcible 
action,  both  combining  lo  roughen  the  murmur,  ia  quite  obvious. 
Undoubtedly,  an  additional  factor,  passive,  is  the  very  trifling  oppo- 
sition to  Ihi^  transmission  of  sound  which  the  thin,  elastic  chest  walls 
of  young  children  offer. 

In  old  age,  on  the  other  hand,  the  iiih-nKif;/  of  the  vesicular  respi- 
ration is  diminished,  while,  owing  (o  the  weakened  and  inelastic  con- 
dition of   the  lung,   the   inspiration   is  slightly   shortened  and  the 
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expiration  a  little  prolongtnl,  the  alveoli  recoiling  tardily  and  slowly. 
Senile  respiration,  as  observed  in  healthy  old  j)eoi)le.  is  to  l>e  d lifer- 
ent ia  ted.  however,  from  the  m  orb  idly  weal-en  vd  respiration  in  Ihc 
greater  length  of  the  expiratory  sound  of  the  former. 

Sex, — Generally,  the  total  respiratory  murmur  in  the  female  is 
louder  than  in  the  male,  especially  in  the  upper,  anterior  regicms 
of  the  chest. 

Region  and  Side  of  ike  Chest, — In  most  healthy  individuals  the 
sounds  are  more  distinct  and  intense  on  the  left  side,  and  particularly 
in  the  infraclavicular  region.  They  are,  of  course,  more  audible 
where  the  chest  walls  are  thinnest ;  hence,  thev  are  clearer  anteriorlv 
than  posteriorly,  over  the  axillary  and  infrascapular  regions  than  the 
mammary  and  scapular.  It  is  of  such  great  practical  importance, 
that  to  rep<'at  here  what  was  indicated  before  concerning  the  broncho- 
vesicular  character  of  the  breath  sounds  near  the  juncti<m  of  the 
second  rib  with  the  sternum  on  the  right  side,  due  lo  the  closely 
subjacent  bronchus,  is  not  at  all  irrelevant.  The  harsher  blowing  and 
more  prominent  expiratory  element  in  the  interscapular  region  must 
also  be  reiterated  in  this  connection.  The  vesicular  murmur  is  rela- 
tively weak,  too,  over  the  apices,  with  their  small  volumes  of  air 
capacity.  Not  only  increased  thickness  of  the  soft  parts,  as  in  obesity, 
but  also  massiveness  and  increased  convexity  of  the  ribs,  int<Tfere 
decidedlv  with  the  readv  transmissibilitv  of  the  vesicular  sountls. 

napiditt/,  Fulnrss,  and  Cojitinuitj/  of  lirsj)!  rat  ions. — ^VW  intensity 
of  the  respiratory  sounds  increases  <lirectly  with  th<'  fre(|iiency  of  the 
breathings.  Also,  the  durati(m  of  l)otb  inspiratory  and  e\])iratory 
sounds  is  increased  with  full  and  deej)  respirations,  as  after  exerci-e 
or  excitement.  Marked  intensitv  of  the  respiratorv  niurrniir  niav  be 
a  matter  of  tem])erament,  idiosyncrasy,  or  of  some  neurotic  disposi- 
tion, as  in  hvsteria. 

A  jerkt/,  interrupted,  or  wavy  inspinifion,  tbougli  fre(|uently  asso- 
ciated with  incipient  tuberculosis,  nuiy  be  heard  as  a  special  peculiarity 
consistent  with  perfect  pulmonary  health.  It  occurs  in  certain  })er- 
sons  who  breathe  slowlv  and  irregularly,  and  mav  be  caused  to  dis- 
appear  after  a  quick,  full  inspiration.  Physiologic  jerky  respiration 
is  heard  nearly  uniformly  over  the  lungs;  that  due  to  tuberculosis  is 
limited  to  a  small  area,  usually  one  or  other  apex.  It  may  be  found. 
also,  in  hysterical  persons,  and  in  whining  or  sobbing  children.  It  is 
recognized  by  the  inspiratory  murmur  occurring  in  a  series  of  sliort 
puffs,  with  scarcely  more  than  two  or  three  intermissions.  The  char- 
acter of  interrupted  breathing  may  be   simulated  by   pursing   the 
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lips  and  drawing  the  air  through  them  in  several  quick,  sudden 
draughts. 

Systolic  vesicular  breathing  refers  to  a  rhythmic  exaggeration  of 
the  respiratory  murmur,  principally  during  inspiration,  also  jerky  or 
puffy  in  quality,  coinciding  with  the  cardiac  contraction,  and  heard 
at  the  border  of  the  lung  near  the  heart.  As  the  lung  expands,  with 
the  alveoli  in  closer  contact  with  the  heart,  the  svstolic  movcMuents 
of  the  latter  cause  an  unequal  entrance  of  air  into  the  vesicles — a 
rhythmical  rush  corresponding  with  the  systole,  increasing  in  intens- 
ity up  to  the  end  of  inspiration,  and  rapidly  subsiding  at  the  begin- 
ning of  expiration. 

I  have  known  this  phenomenon  in  not  a  few  cases  to  be  mistaken 
for  a  valvular  heart  murmur,  either  by  students  or  by  examiners 
doing  rapid,  desultory  dispensary  work. 

Having  become  familiar  with  the  normal  sounds  of  respiration, 
and  with  their  normal  variations  and  peculiarities,  one  is  ready  to 
apprehend  and  analyze  the  pathologic  sounds. 

SOUNDS  OF  ABNORMAL  RESPIRATORY  CONDITIONS 

Auscultation  determines,  first  of  all,  the  pathologic  modifications 

of  tile  breath  sounds,  ami  essentially  of  llieir  attributes  of  intr7},sifj/^ 
rInjiJinu  and  rjuaUt}/.  The  examination  is  practically  eonlined  to  tliost^ 
n^gions  of  the  chest  Avhieh  cover  the  lun^s;  that  is,  where  vesicular 
respiration  or,  as  over  the  rii^ht  apex  or  intersea])ular  region,  hron- 
ehovesieular  hreathin^i:  is  norniallv  audible.  So  lon^:  as  we  hear  the 
vesicular  respiratory  murmur  ov(t  the  chest,  we  are  assured  that  the 
subjacent  air  vesicles  are  permeable,  as  well  as  that  the  supplying 
bronchial  tubes  must  likewise  be  free. 

'^IIk?  student's  first  aim  is  to  satisfy  himself  that  he  has  eliminated 
the  confusing  effect  of  the  heart  sounds;  that  he  is  listening  exclu- 
sively and  (h^finitely  to  the  respiratory  murmur;  and  then,  that  he 
can  clearly  distiniruish  the  sounds  corresponding  to  the  two  acts  of 
ropirat ion.  The  latter  may  be  facilitated  by  placing  the  hand  u])on 
tli(*  thorax  or  epiirastrium. 

IlaviiiLT  i\xvi\  the  attention  on  the  ins])iratory  and  cxpiratorv 
sounds,  it  is  of  prime  importance*  to  analyze  carefully  their  (a)  hnnl- 
t}(ss  or  inlifisHi/;  {!>)  i]n'ir  rrhifirc  Irin/Uis,  and  the  ])resence  and 
duration  or  ah^cnc*'  of  ,\  jitnisr  hrtwem  ihcin  :  (r)  the  clidnjifrr  or 
ijnaliff/  of  hoih  rounds;  [d )  (he  pilcli,  e-pecially  of  the  expirat(U-y 
sound. 
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(A)  Pathologic  Modifications  of  the   Vesicular  Breathing 

Alterations  of  Intensity.  (1)  Intensity  Increaskd  :  Exagger- 
ated, Compensatory,  Vicarious,  or  Puerile  Breathing, — Exaggoratwl 
respiration  differs  from  the  normal  in  hoin<^  IotkUt,  and  at  the  same 
time  longer  (for  it  is  quite  common  to  have  two  or  more  attributes 
suffer  alteration  simultaneously).  Tlie  increased  intensity  affects  both 
the  inspiratory  and  expiratory  sounds,  but  is  especially  noticeable  of 
the  expiratory,  as  normally  this  is  scarcely  heard  at  all.  The  inspira- 
tory sound  is,  to  be  sure,  pn^dominantly  much  louder,  and  the  in- 
creased audibility  of  expiratory  sound  is  partly  because  of  its  longer 
duration.  On  account  of  its  superficial  resemblance  to  pathologic 
bronchoyesicular  breathing,  the  unskilled  examiner  may  erroneously 
attribute  morbid  changes  to  a  portion  of  lung  that  is  simply  over- 
acting. An  important  element  in  the  differentiation  here  lies  in  the 
fact  that  while  the  respiratory  murmur  is  lengthened,  the  normal 
ratio  is  maintained;  that  is,  the  duraticm  of  insj)iration  to  expiration 
is  as  G  to  2  (normal,  3  to  1).  The  pitch  renuiins  unaltered.  The 
vesicular  quality,  though  harsher — like  the  puerile  respiration  of  chil- 
dren— neyertheless  lacks  the  bronchial  modification  indicative  of 
closure  of  the  alveoli;  the  softer  vesicular  (piality  is  still  jircservrd. 

The  immediate  cause  of  exaggerated  or  intensified  breath  sound 
is  increased  functional  activity  of  the  whole  or  a  ]>art  of  a  lung, 
compensatory  or  supplementary  to  restricted  or  abolished  action  due 
to  disease  of  the  opposite,  or  another  part  of  the  same  lung.  Hence, 
the  discovery  of  exaggerated  breathing  is  the  indirect  evidence  of 
some  morbid  pulmonary  condition  elsewhere. 

It  occurs  over  healthy  lung  tissue  adjoining  parts  where  the  sriudler 
bronchial  tubes  arc  partially  obstructed  by  tin*  tumefaction  of  an 
acute  catarrhal  inflammation  of  the  mucous  menibrane,  aggravated 
by  an  accumulation  of  sticky  mucus.  The  apjKMrance  of  a  luMght- 
cned  intensity  or  sharpness  of  the  inspiratory  sound  over  a  lung  a])ex 
may  Ik?  the  first  auscultatory  evidence  of  a  beginning  tulxTculous 
bronchitis — hardly  more  than  a  tiny  tubercle  projecting  into  the  lumen 
of  a  bronchiole  so  as  to  cause  c(unpensat(U'y  increase  of  force  of 
breathing  in  the  surrounding  vesicles.  Unilalrral  exaggeration  of  the 
breath  sounds  is  typically  heard  in  cases  of  severe  pneumonitis  affect- 
ing the  opposite  lung,  or  of  compression  of  the  other  lung  by  a  large 
pleuritic  effusion.  Local  intensification  of  the  vesicular  respiratory 
nuimmr  may  be  present  over  the  upper  lobe  of  a  lung  that  is  relaxed 
in  its  lower  portion  by  being  floated  up  by  a  small  or  moderate  pleural 
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cITuBion,  or  over  either  the  upper  or  Uiwor  IoIjg  when  the  other  i 
the  seat  of  a  pneumonic  con'wlidation.  Again,  in  tuberculous  consoli- 
(Ifttion  of  one  apex,  exaggerated  Ycsicular  breathing  of  the  opponte 
apex  is  commonlj-  noted. 

Finally,  it  should  he  mentioned  that  exaggerated  breathing  over 
the  upper  portion  of  both  lungs  is  a  frequent  accompaniment  of 
tightly  laced  women. 

(2)  Intensity  Dimi.\'ish!!D:  Wmk.  Shallow,  or  Senile  Brealh- 
ing. — This  is  a  soft  and  distant  degree  of  loudness,  a  simple  weakncits 
of  the  intensity  of  the  vesicular  rt>s])i ration.  At  the  same  time,  the 
duration  of  both  inspiratory  and  expiratory  sounds  is  proportionately 
Bhortencd.  The  inspiratory  sound  ia  distinctly  weakened,  and  the 
expiratory  sound  is  practically  inaudible. 

The  numerous  caujies  of  feeble  respiration  may  he  considereil 
under  three  heads,  as  follows:  (1)  Those  which  interfere  with  the 
perfect  transmission  of  the  breath  sounds;  (2)  those  which  prevent 
full  expansion  of  the  lungs,  (3)  or  which  diminish  the  elasticity 
of  the  vesicles. 

Of  the  first  condition,  we  have  edematous  thickening  of  the  chest 
valla,  obesity,  or  some  solid  tumor;  principally,  howCTor,  it  is  due 
[  to  some  thickened  or  adherent  pleura,  or  to  a  moderate  pleural  liquid 
effusion :  in  the  enw  of  the  latter,  the  faintness  of  the  ji-spinitriry 
murmur  is  usually  on  one  side  of  the  chest,  while  on  the  unaffected 
side  relative  exaggeration  of  breathing  may  be  heard.  Pneumothora.Y 
(air  in  the  pleural  sac)  of  moderate  degree,  or  circumscribed  by 
adhesions,  may  also  intervene  between  the  lung  and  chest  wall,  so  as 
to  weaken  the  breath  sounds  without  modifying  the  vesicular  quality. 

Secondly,  conditions  which  interfere  with  expansion  of  the  lung 
(besides  those  which  are  referred  to  in  the  preceding  paragraph,  and 
which  so  act  indirectly)  are  mainly  the  following:  (a)  Obstruclions 
of  the  larynx,  trachea,  or  a  bronchus,  as  from  foreign  body  within, 
pressure  of  a  tumor  or  aneurism  from  without,  inflammatory  or  mem- 
branous swelliog  or  edema  of  the  larynx  or  trachea,  accuJiiulations 
of  mucus  and  pus,  and  catarrhal  thickening  of  the  bronchial  mucosa 
in  bronchitis  and  bronchiolitis;  also  from  spasm  of  the  larynx,  and 
of  the  broncliinics  in  asthma,  and  from  partial  filling  of  the  alveoli  in 
pulmonary  edema,  (b)  Deficient  respiratory  action,  as  from  rigidity 
of  the  thorii.iL,  jiaralysis  of  the  diaphragm  or  thoracic  muscles,  painful 
conditions  such  an  pleurilis.  pleurodynia,  or  intercostal  neuralgia, 
and  general  peritonitis;  agiiin,  from  mtichanieal  restraint  due  to 
abdominal  enlargements,  as  ascites,  tympanites,  and  large  tumors- 
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In  the  third  placc^  diminished  elasticity  of  the  vesicular  tissue 
from  the  weakness  of  permanent  overdistention  is  characteristic  of 
emphysema,  in  which  feeble  respiratory  murmur  is  a  constant  physical 
sign.  In  the  first,  or  congestive,  stage  of  acute  lobar  pneumonitis, 
also,  shallow  breathing  may  be  notc^l. 

In  the  last-named  affection  the  weak  breathing  is  heard  on  both 
sides  of  the  chest.  VnUntfral  diminution  of  loudness  is  a  feature 
of  partial  oochision  of  one  or  other  bronchus,  pleural  effusion,  and 
the  early  stage  of  pneumonitis,  altliough  in  cases  of  the  latter,  as  with 
tul)erculous  consolidation,  the  diminution  may  be  only  /oo//,  depend- 
ing upon  the  extent  of  involvement.  Where  the  movements  of  the 
thorax  as  a  whole  are  restrict(Ml,  as  from  the  conditions  other  than 
emi)hysema  mentioned,  bilateral  iMifecblement  of  respiratory  sounds 
may  be  observed.  In  connection  with  the  painful  conditions,  as 
pleuritis  of  tbe  dry,  plastic  variety,  and  pleurodynia,  the  deficiency 
of  breathin^r  mav  varv  and  thus  assume  an  intrrniitfrnt  form. 

(3)  Arskn't  ok  SriTHEssKD  Rrkatiiincj. — This  occurs  over  large 
pleuritic  exudations,  as  of  pus,  serofibrin,  and  blood  ;  over  diffuse, 
clostHi  pneumothorax,  with  complete  occlusion  of  either  bronchus,  and 
over  great  thickening  of  the  pleura,  or  of  tbe  lung  in  fibroid  phthisis. 
The  breath  sounds  mav  be  abolished  also  from  anv  a^<rravation  of  the 
C(mditions  which  produce  mere  weakming  of  th<'  vesicular  respiration. 
Obviously,  in  tlie  com})lete  infiltration  of  tbe  air-cells  wliieli  follows 
the  congestive  stage  of  pneumonitis,  and  in  extcn-ivc  tuixTeiilar  de- 
posit, the  abolition  of  the  vesicular  murmur  is  due  to  its  I'eplaeenient 
by  a  changed  type — bronchial  or  broneliovesieiilar — of  brc^atbing. 

Alterations  of  Rhythm. — Tliese  have  to  do  witb  disturbances  of 
the  regidarity,  continuity,  and  relative  lengtbs  of  the  insj)iratory  and 
expiratory  sounds,  and  of  the  pause  between  tlu'in. 

(1)  Interrupted,  Jekky,  ok  '*  CcxnvnKKL"  Ui-sj'ihatiox. — The 
ocxjurrence  of  this  kind  of  breathing  as  a  normal  variation  has  been 
referred  to  before.  Therefore,  too  much  importance  nnist  not  be  given 
to  it  as  to  its  diagnostic  value  in  pathologic  conditions,  and  yet  the 
discovery  of  it  over  a  lung  apex  should  awaken  su>j)icion  as  to  the 
presence  of  a  tuberculous  bronchiolitis  or  localized  pleuritis. 

Usually  the  inspiratory  sound,  instead  of  l»eing  even  and  continu- 
ous, is  broken  into  a  series  of  puffs  separated  by  irregidar,  short  in- 
tervals, hence  the  term  "cogwheel"  respiration.  It  is  at  the  same 
time  rough  or  harsh  in  incipient  tuberculosis.  Aside  from  its  occur- 
rence in  nervous,  chilly,  or  fatigued  jiersons  (from  irregular  muscu- 
lar action),  it   should  not  be  confused   with  tbe  cardiorespiratory 
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wliifBng  sound  associated  with  excited  cardinc  inovemeote.  The  latter 
is  more  likely  to  be  localizixl  adjacent  to  and  a  little  bej'oud  the  left 
harder  of  the  heart ;  in  cases  of  the  former,  the  iiiterruplwl  breathing 
is  generalized.     I  have  found  the  eardiopiilinonar^  variety  of  puffy 
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respiration  to  be  a  trifle  sharper,  and  prompter  in  its  onset  tliau  that 
due  to  apical  hronehiolitit^.  ' 

I'atfiologic  wavy  or  jerky  breathing  is  most  commonly  the  result 
of  tubercles  protruding  from  the  wall  of  an  infiltrated  bronchiole,  or  of 
the  presence  of  tenacious  mucus,  both  interfering  either  with  the 
continuous  passage  of  the  air  current  directly,  or  causing  adjacent 
lobules  to  expand  at  different  times.  Associated  with  other  conflrma- 
tory  physical  signs,  interrupted  respiration  thus  becomes  an  indica- 
tion of  early  tuberculosis,  locali2ed  over  the  affected  apex.  The  same 
effect  upon  the  breath  sound  may  Ik;  produced  there  by  a  eireum- 
seribed  area  of  adhesive  pleuritia  of  tuberculous  origin. 

As  a  case  of  tuberculosis  progresses,  the  type  of  breathing  changes 
to  the  bronchovesicular,  with  prolonged  expiration,  when  the  sound 
of  the  latter  may  also  be  wavy,  or  interrupted  and  jerky. 

In  the  first  stage  of  acute  plastic  pleuritis,  in  pleurodynia  and 
intercostal  neuralgia,  cogwheel  respiratory  rhythm  may  be  heard  on 
the  side  affected. 

(2)  Lkncthkned  Interval  betweex  Inspiration  asd  EsnitA- 
TION. — Instead  of  the  inspiratory  anil  expiratory  sounds  succeeding 
each  other  with  the  seeming  closeness  of  continuity,  pathologic  pro- 
longation of  the  momentary  pause  between  them  may  be  discovered; 
hence  the  term  "divided  respiration"  (Waldie).     \\Tion  this  occurs. 
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it  is  either  because  the  inspiratory  sound  is  shortened^  unfinished,  or 
because  the  expiratory  sound  is  delayedy  deferred. 

Lengthened  pause  from  delay  in  the  oncoming  of  the  expiratory 
sound  is  characteristic  of  emphysema,  with  its  impaired  elasticity  of 
the  vesicles,  the  first  part  of  the  expiratory  act  being  unaccompanied 
bv  sound. 

Shortened  inspiratory  sound  is  o])S(Tve(l  in  eases  of  marked  con- 
solidation of  the  lung,  as  from  pneumonitis  or  tuberculosis,  the  in- 
spiratory sound  ceasing  before  the  (host  exi)ansi()n,  the  breathing 
l)eing  harsh  or  ])ronchial.  ^lore  frecjuently,  liowever,  we  nuH^t  with 
a  deferred  inspiration  in  emphysema,  alsr),  tlie  inspiratory  movoment 
of  the  chest  commencing  before  the  sound  becomes  audible. 


Xornuil.  Shortened  inspiration.  Di'laycil  o.\])iration. 

Fig.  39. — Diagrammatic  Reprehentath)n  of  Pholonmjed  Paise. 

(3)  Prolonged  Expiration. — As  tlie  normal  exj)iratory  sound  is 
so  short  that  it  is  scarcely  more  than  audihlr,  anv  rrlative  increase 
in  its  duration  must  necessarily  be  abnormal.  The  (jualifying  term 
relative  is  used  with  emphasis,  indicalivo  of  the  disproportionate 
lengthening  of  the  expiratory  sound,  so  that  tlu*  normal  ratio  of  in- 
spiratory to  expiratory  duration,  3  to  1,  hrcomes  3:  ti.  as  in  broncho- 
vesicular  breathing,  or  3:3,  as  in  ])roncliial  l)n'atliing.  Even  the 
prolonged  expiration  of  exaggerated  respiration,  where  the  normal 
ratio  of  duration  is  maintained  by  a  corresponding  lengthening  of 
inspiration,  hints  at  the  presence  of  disease  in  some  other  portion 
of  lung. 

But  the  significance  of  prolonged  expiratory  sound  is  not  s})eciiic 
or  independent;  on  the  other  hand,  it  depends  n])on  its  amount  of 
relative  increase,  and  associated  alterations  of  ])iteli  especially,  and 
of  quality.  Thus,  when  harsh  and  tui)ular  in  quality,  high  in  pitch, 
and  as  long,  or  even  a  little  longer,  tlian  the  ins])iratory  sound,  having 
a  ratio  of  3  to  4,  it  means  that  the  vesieles  of  th(»  area  involved  are 
filled  with  a  tuberculous  or  inflammatory  deposit  of  nearly  or  quite 
lobar  size,  so  that  air  is  free  to  pass  in  and  out  of  th(^  bronchial  tubes 
only;  hence  the  sound  has  the  characteristics  of  bronchial  breathing. 
Again,  with  a  still  longer  relative  increase  in  the  expiration,  as  1 :  3, 
but  with  feeble  vesicular  quality  of  low  pitch,  as  is  heard  c)ver  both 
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lungs  in  emphysema,  the  cause  of  the  prolongation  reeidee  in  the  Iw 
of  elasticity  due  to  a  permanent  and,  ns  it  were,  paretic  condition  of 
the  dilated  alveolar  walla.  MoreoTer,  in  emi)hyseina  we  have  anotlwT 
causD  for  the  prolongi'd  eipirator}'  sound  in  llie  obstruotion  lo  Ihe  fiw 
C!git'8fl  of  air  on  account  of  the  diffuse  hronchia!  catarrh  nc«rly  always 
associated.  Lastly,  emphysema  la  the  only  condition  in  which  iW 
prolonged  expiration  is  low  in  pitch;  all  other  causes  of  this  c-han^ 
produce  at  the  samn  lime  elevated  pitch,  with  the  oerasional  exception 
of  H  deeply  a.-uk-d.  Ins-walled  cavity  in  the  lung,  the  breath  sounds 
over  which  may  have  a  low-pitched,  hollow  quality. 

By  way  of  antithesis  and  association,  the  two  principal  physical 
pohauges  in  the  lungs  may  be  placed  thus: 

Can»/iUdalioH  Emphysema 

Vt>cal  fremitus;  increased.  Diminished. 

Percussion ;  dulneas,  high-pitched,  Hyperresonancc,  low-pitche<l. 

AuMiultation;    expiratory    sound  Also    prolonged    expiration,    but 

prolonged,  high-pitched,  harsh,  low-pitched,  feeble,  Tcsicidar. 

bronchial. 

When  diie  to  asthma,  the  prolonged  eiqiiratory  Bound  may  be 

ohscuivd  liy  the  loud.  dry.  wlicezing  or  whistling'"  sounds  or  rfilef. 
because  of  spiKin  iiiul  mucous  clogging  of  the  bronchioles. 

The  occurrence  of  slightly  lengthened  and  higher-pitched  expira- 
tory niuniiur  over  an  apex,  with  or  without  adventitious  rales,  is  one 
of  the  positive  physical  signs  of  beginning  tubercular  infiltration 
there — brouchovesicidar  breathing. 

A  hnrr^h,  prolonged  expiratory  breath  sound  may  also  be  the  re- 
sult of  a  scviTC  general  bronchitis,  as  in  children  who  have  had 
measles  or  whoo]ting-cough  preceding  it,  or  in  very  old  people  subject 
to  "winter  cough,''  and  having  weak  hearts.  The  extensive  bronchial 
catarrh  is  distinctly  indicated  by  the  evident  obstruction  to  the  exit  of 
air  currents  tliat  apparently  have  difficulty  in  entering  the  vesicles. 

Alterations  of  Fitch. — The  pitch  of  normal  vesicular  respiration 
being  low,  all  elevations  of  this  atlriliutc  point  to  broncho  vesicular 
or  bronchial  modifications,  according  to  the  extent  of  tissue  consoli- 
dated. The  change  is  most  significant  in  relation  to  the  expiration, 
which  is  always  simultaneously  prolonged  with  the  abnormally  high 
pitch.  'J'hc  loiv-pitchcd  cavernous  breathing  sometimes  met  with  also 
lias  a  quality  of  sound  that  is  not  easily  confused  with  the  vesicular 
type. 
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Alteiations  of  Quality. — Wherever  the  nonnal  vesicular  murinur 
is  replaced  by  another  quality  or  type  of  breath  sound,  tlie  recognition 
and  discrimination  is  made  bv  an  analvsis  of  tlic  combination  of  the 
other  changed  elements.  The  name  given  to  the  pathologic  substitute 
for  the  normal  vesicular  respiration  is  of  secondary  importance,  and 
mav  be  onlv  a  Ya^ue  and  convenient  intimatiim  of  the  actual  deter- 
mining  factors.  In  short,  we  make  the  diagnosis  of  morbid  physical 
changes  in  the  lung  by  a  careful,  penetrating  comparison  of  the 
changed  attributes  rather  than  ])y  an  endeavor  to  embrace  and  de- 
scrilK>  them  under  a  nanie,  either  to  oneself  or  to  otliers.  One 
should  rigidly  and  critically  define  the  expressi(ms  used  below  in  terms 
of  the  altered  conditions  of  rhythm,  intensity,  and  ])itch  just  given 
in  the  preceding  paragraphs. 

(1)  BR0NCH0VESicur-.\i{,  Haksii,  or  Hri)i:  IiKspiratiox;  Indk- 
TKRMIXATE  BREATHING. — In  this  variety  of  breathing,  the  soft, 
breezy  quality  of  the  normal  vesicular  sound  is  lost  and  exchanged 
for  a  harsher,  sharper,  more  blowing  sound,  more  marked  in  expiration 
than  in  inspiration.  And  yet  the  sounds  of  both  are  not  as  rough 
and  tubular  as  in  bronchial  breathing.  Naturally,  there  may  be 
many  degrees  of  variation  between  true  vesicular  and  bronchial  respi- 
ration; therefore  the  terms  "indeterminate'*  or  **  transiti(m,"  some- 
times applied  to  this  type,  especially  by  Euro])ean  clinicians.  It  is 
detected  over  the  small  areas  of  condensation  of  lung,  not  too  deej)ly 
situated,  where  it  is  caused  by  the  generally  shai'p  and  liarsh  respi- 
ration, and  particularly  by  the  relative  prolongation  and  elevation 
of  pitch  of  the  expiratory  sound. 

The  physics  of  the  pathologic  source  of  the  bronehovesicular 
breathing  is  easily  understood:  A  certain  number  of  vesicles  infil- 
trated with  firm  exudate  form  a  lobular  area  of  solidification  of  belter 
conductivity  for  the  included  bronchioles,  but  not  large  enough  to 
prevent  the  surrounding  open  vesicles  from  sul)(luing  the  tubular, 
bronchial  harshness  of  more  extensive  areas  of  ctmsolidation.  Bron- 
ehovesicular breathing  may  be  heard  also  over  large  consolidati(ms 
with  some  thickness  of  unaffected  lung  intervening. 

If  bronehovesicular  respiration  Ijc  persistently  audible  at  one  a])cx, 
especially  the  left,  while  at  the  other  ordinary  vesicular  respiration 
remains,  incipient  tuberculous  infiltration  may  be  inferred,  (he  inde- 
terminate breathing  being  produced  partly  ])y  mucous  obstruction  of 
some  of  the  bronchioles  or  smaller  bronchi,  as  well  as  the  restricted 
expansibility  of  the  alveoli.  Right  here  the  physiologic  dilTerence 
between  the  two  sides  mnst  not  be  forgotten — ^that  at  the  right  apex. 
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lie  fi  clavicular  and  supraspiDoue  regions,  bronchoTeeicuIar 
iirealh  souad  is  normal.  This  ia  particularly  noticeable  during  ijuiet 
'ireathing  in  robust  and  muscular  individuals,  the  air-curront  enter- 
g  the  vesicles  bo  weakly  and  the  thick  thoracic  tissues  transmittiDg 
IIS  eliaracteristics  so  slightly  that  the  broncliial  elemenl  ia  a  little 
Kloruinant.  and  the  vesicular  character  becomes  fully  brought  out 
,^iy  with  deep  respirations. 

Bronchovesiculnr  bwathing  may  be  indicative  of  patches  of  col- 
insed  lung  (atelectasis)  in  the  acute  capillary  bronchitis  of  children, 
ilarly,  it  is  found  over  small  areas  of  iironcbopncumonitis,  espe- 
iv  in  the  infrascapular  regions  of  both  sides,  in  the  very  young 
the  aged.     In  Ihe  atypical  pneumonites  or  pulmonary  congestions 
plieating  influenza    ("grip"),  the  occurrence  of  indeterminate 
iithing  is  almost  constant.     Cases  of  frank,  typical  lobar  pneu- 
-onitis  in  adults,  also,  in  the  first  or  congestive  stage,  give  rise  to 
anehovesicular  rcBpiration. 
The   differential   phyeieal  diagnosis  between  simple  exaggerated 
rcathing  and  the  broncho  vesicular  variety  is  of  extreme  practical 
irtanee.  and  may  be  a  matter  of  difficulty,  doubt,  and  error  to 
lician  of  limited  experience  as  well  as  to  the  more  excusable 
student  tyro.     The  superficial  ra=eniblance  which  the  two  types  of 
respiratory  sound  have  to  each  other,  and  which  may  confuse  the 
inexperienced,  lies  in  the  increased  loudness  and  increased  longtb  of 
the  inspiratory  and  expiratory  sounds.     But  the  inspiratory  element 
of  bronchovesicular  breathing  has  a  quality  of  sharpness,  of  drj'  harsh- 
ness, suggestive  at  once  of  a  small  area  of  fine-calibered  tubes  instead 
of  the  softer,  more  breezy  loudness  suggestive  of  a  more  voluminous 
area  of  spongy,  elastic  air-cells.     More  distinctive,  however,  are  the 
differences  concerning  the  expiratory  sound.    While  this  is  prolonged 
in  both  the  exaggerated  and  bronchovesicular  breathings,  in  the  latter 
the  normal  ratio  is  broken ;  that  is,  as  pointed  out  before,  the  expira- 
tory sound  is  abnormal  in  its  relative  or  proportionate  length  to  the 
inspiratory  sound.     This  is  by  all  means  the  principal  differential 
sign.     Next  in  value  is  the  harsher,  higher- pitched  expiratory  sound. 
To  mistake  bronchovesicular  breathing  for  exaggerated  or  puerile 
breathing  is  to  ns,*ume  the  absence  of  a  diseased  portion  of  lung  where 
there  actually  is  disease;  to  reverse  tbo  error  is  to  assume  or  infer 
the  presence  of  a  small  area  of  consolidation  which  does  not  exist  in 
that  region,  hut  either  adjacent  to  it  or  in  the  opposite  lung;  perforce, 
to  fail  to  detect  either  type  of  respiration  is  to  fail  to  discover  either 
directly  or  indirectly  any  limited  area  of  solidificatioa. 
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{2)  Bronchial,  Tubul-vr  Kkspiration. — Here  there  is  a  eom- 
plete  absi'iice  of  the  vesicular  (|uality,  and  wherever  pubstiluletl  for 
the  latter  is  pathologic.  It  may  l>e  ree<)«rnizc(l  rradily  l»y  eoinparin^r 
its  attributes  with  the  ever-pres<'nt  normal  bronchial  brealliin^  heard 
over  the  trachea.  IndecM.1,  the  bronchial  breathin«r,  caiistMl  as  it  is  by 
large  consolidations,  is  not  essentially  ])atboloi:ic,  l)iil  is  merely  tlie 
sound  of  the  dei»ply  seated,  normal  bronchial  brealhinjr  heard  ihrou^j^h 
the  pathologically  infiltrated  vesicles,  which  now  form  an  area  of 
good  conducting,  solid  tissue.  It  is  not  a  superadded  type  of  respira- 
tion; it  is  simply  an  abnormally  transmitted  normal  type. 

Distinct  bronchial  breathing  resembles  more  nearly  the  blowing 
sounds  heard  at  the  bifurcation  of  the  trachea.  Jt  is  rather  harsh, 
loud,  and  tubular,  but  not  quite  so  much  so  as  the  bruit  heard  over 
the  larynx.  Both  inspiration  and  expiration  an*  Jiif/Jicr  in  pitrh  than 
of  vesicular  breathing,  the  exi)iratif>n  frecpiently  even  higher  than  tlie 
inspiration,  de])ending,  on  the  whole,  u]>on  the  force  of  the  respiratory 
act  and  the  calil)er  of  the  bronchial  tubes.  The  inspiratory  sound  is 
a  little  shorter  in  duration  than  the  in>])iratorv  act.  is  rhvthmicallv 
separated  by  a  short  interval  from  the  expiratory  sound,  which  is 
longer  than  that  of  vesicular  breathing,  and  fully  as  long  as  the 
inspiratory  sound.  The  inlrnsih/  is  marked,  but  variable;  it  may 
have  the  harsh,  dry,  loud,  whifling  character  simulate«l  hy  blowing 
to  and  fro  through  a  metallic  tube,  as  o\<-r  a  dcn-cjy  consolidated 
portion  of  lung  near  the  ear  of  the  au<cultator.  aii<l  conducting  the 
sound  from  a  few  large  tubes.  j)erhaj)-;  (H'  it  may  Im*  less  loud,  more 
diifuse,  over  nioderatelv  consolidated,  b-ss  suiMMliciallv  situated  tissue. 
and  transmitted  from  a  number  of  smaller  tui)es.  At  the  same  lime 
it  should  Ik?  noted  that,  while  in  the  former  instance  the  /fihh  may 
Ik?  lower  than  in  the  latter,  great  rapidity  of  re>j)irations  may  cause 
a  higher  pitch  than  over  the  moderately  ><»liditie(l  lung  with  softer 
bronchial  blow.  As  a  rule,  however,  the  higher  the  j)iich  of  the  hron- 
chial  breathing  the  more  intense  tlu*  (legr<*e  of  consolidation,  exem- 
plified especially  in  the  most  acut(»  cases  of  lobar  pneumonitis,  while 
the  medium  pitch  is  more  characteristic  of  large  tuberculous  consoli- 
dations. Of  course,  the  larger  the  part  hejiatized  ( firndy  infiltrated, 
liver-like),  the  louder  the  bronchial  sound,  because  the  greater  the 
volume  of  bronchial  air-spac(?  v.ithin. 

In   order  to  appreciate   the  diagnosti(*  significance  of  ])athologic 

bronchial  respiration,  therefore,  it  is  necessary  to  realize  clearly  the 

following  fundamental  considerations:  Any  breathing  sound  heard  at 

all  means  open  bronchial  tubes;  a  vesicular  breathing  sound  means 
13 
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FOpen  alveoli;  a  bronchial  snimil  indicates  that  there  is  closed  tceicoltr 
Inng  tissuB  i)Gtwct?ii  the  bronchial  tttbee  and  the  ear  of  the  auscni- 
tator,  tins  tidal  movement  of  air  being  prevented  either  by  exuduticn 
within  tlie  vmicles,  or  by  comprension  from  without 

{a)  As  intimatwl  before,  Intiar  pneumonitis  is  the  typical  cau*e 
of  bronchial  breathinp,  the  condensation  of  lung  tissae  involving  on 
extent  BulTicimtly  larf;o  so  as  to  include  the  medium-sized  or  large 
bronciiiiil  tul>ea,  broncho  vesicular  respiration  resulting  when  only  the 
smalk'flt  tubes  are  surrounded  by  relatively  emaller  area^  of  thick- 
ening. 

In  some  cases  of  pscui ■"   ' — "ver,  owing  to  occlusion  of  tlu- 

lai'gfi  supplying  bronchua  of  the  smaller  tiilies  (inflam- 

matory exudate;  mucus,  eath  aonnd  is  heard;  but  after 

a  loose  cough  the  tubes  l  ious,  and  bronchial   breathing 

mny  then  he  transmitted,     i  onia  usually  altacks  the  loner 

lobes,  bronchial  respiration  hea  \v  htuo  of  the  chest  iwtslcriorly, 

and  up  to  a  Utile  above  the  angio  he  eeapulft,  in  an  acute  illni^^, 
signifies  purtinionia  most  fre'jui  At  the  ape-x,  tuberculosis  ia    | 

the  common  cause  of  bronchial  h  ng  in  tho  moderately  advancol    ' 

cases,  although  apical  pneumonit  y  rarely  be  present.  | 

Among  olhor  and  less  connnon  i-.ji  illtions  of  solidification  of  lunt; 
tissue  giving  rise  to  bronchial  breathing  are  chronic  fibroid  pn€u- 
iiionia  (phthisical  or  syphilitic),  hemorrhagic  infarcts,  and,  less  per- 
fectly and  under  favorable  circumstances,  central  pneumonitis  (fol- 
toivcd  by  more  marked  bronchial  breathing  usually  within  a  week, 
as  the  consolidation  extends  to  the  surface),  carcinomatous  and  other 
ni'w  ijruwihn,  and  pulmonary  abscess  and  gangrene. 

(b)  VompresxioH  of  the  lungs  by  a  large  pleuritic  effusion,  so  that 
the  vesicles  are  void  of  air  while  the  bronchi  remain  patulous,  gives 
rise  to  bronchia!  breathing,  also.  It  is  in  the  majority  of  cases  dis- 
tant and  feeble,  e.vcept  near  the  spine,  where  the  lung  is  collapsed; 
it  is  also  more  decidedly  audible  at  the  upper  layer  of  the  fluid. 
Care  must  be  taken  that  distant  bronchial  respiration  be  not  mistaken 
for  bronchovcsicular.  Directly  over  the  exudation  the  respiratory 
sounds  are  inaudible.  The  prewcnee  of  a  pleuritic  effusion  compli- 
cating a  pneumonitis  will  have  the  effect  of  similarly  enfeebling  the 
underlying  bronchial  breathing  produced  by  the  consolidation,  the 
change  of  consistence  of  the  media  having  a  damping  effect. 

Pneumothorax  not  infrequently  causes  such  a  compression  of  the 
lung  as  to  produce  bronchial  breathing  heard  best  between  the  shoxil- 
dera.     Partial  collapse  of  lung  may  also  make  pronounced  the  bron- 
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chial  element  due  to  large  pericardial  effusiona,  large  aneurisms,  great 
enlargement  of  the  heart,  and  the  pressure  of  maVujnant  growths 
within  the  pleural  sac. 

Note. — It  may  not  be  amiss  to  repeat  here  tlie  eaution  not  to 
infer  the  presence  of  pathologic  bronchial  breathing  owing  to  tlie  ready 
transmission  of  nasopharyngeal  respiration.  This  fallacy  may  be 
obviate<l  by  re<]uesting  the  patient  to  breathe  dwply,  but  continuously 
and  unconstrainedly.  It  is  extremely  unsatisfactory  to  have  patients, 
when  told  to  breathe  fully,  take  a  dwp  inspiration,  then  hold  it  for 
a  few  swonds,  with  rigid  chest,  before  slowly,  and  often  very  much 
too  slowly,  allowing  expiration  to  take  place.  The  actual  presence 
of  physical  conditions  productive  of  bronchial  breathing  may  be  ob- 
scurcxl  in  this  way,  the  quality  of  the  ex]>iratory  sound  unduly  sof- 
tene<l,  and  the  true  relative  lengths  of  the  inspiratr)ry  and  ex})iratory 
sounds  artificially  altered.  Instructing  the  jKitii'ut  to  increase  the 
rapidity  of  the  respirations,  with  the  mouth  oj)cn,  will  usiuilly  correct 
the  mode. 

Cavernous  respiration,  though  heard  over  cavities  of  the  lung,  and 
thns  significant  of  distinctive  c*onditions,  nevertheless  so  closely  re- 
sembles the  physical  characteristics  of  bronchial  breathing  that  it  nuiy 
properly  be  considered  under  this  head. 

Laennec,  who  introduced  the  term,  described  cavernous  breathing 
as  giving  to  the  auscultating  ear  the  im])ressi(m  of  a  bronchial  air- 
current  passing  promptly  into  a  large,  hollow  s[)aee.  rerbaj)s  the 
post-mortem  conditions  discovered  were  largely  influential  in  framing 
this  description.  The  distinguishing  characteristics  must  be  recog- 
nized in  the  modified  attributes  of  bnmchial  breathing,  'i'liese  are 
noticed  to  develop  in  observing  the  course  of  a  case  of  progressive 
tulKTCulosis  of  the  lung,  in  passing  from  the  consoli<lation  stage  to 
that  of  cavitv  formation. 

ft.' 

The  previously  harsh,  piping  rpialitj/  of  the  bronchial  breathing 
lx»comes  softer  and  hollow;  the  pitch  is  low,  especially  of  the  expira- 
tory sound — a  distinguishing  feature,  according  lo  the  elder  Austin 
Flint,  in  that  the  expiratory  sound  of  true  bronchial  resj)iration  is 
usually  higher  in  pitch  than  the  insi)iratory  sound.  As  to  rhythm, 
the  expiratory  has  nearly  the  sanu*  length  as  the  inspiratory  sound. 
Other  elements  of  contrast  which  aid  in  physical  diagnosis  are  as 
follows:  Cavernous  breathing  seems  remote  from  the  ex*iminer's  ear, 
less  intense,  while  bronchial  breathing  is  more  distinct  an<l  su]>er- 
ficial;  the  former  is  heard  over  a  more  limited,  circumscribed  area, 
the  latter  over  a  diffuse,  irregularly  outlined  area;  lastly,  the  ])roduc- 
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tion  of  the  CKteraous  breath  sounds  is  slower,  relanied,  that  of  Ihe 
branchiH!  more  piompt  and  decided. 

TlicsL'  poiate  of  difFerfnlialion  are  obsen'able  mostly  where  the 
simple  (.'Oddition  of  u  globuiar  cavity  wilh  flaccid  walls  exists,  lurpc 
euough,  saperfici&l  fnoiigh.  and  in  commimicution  with  a  hronchiul 
tube.  In  general,  aiid  oUut  things  being  equal,  the  intensity  of  the 
caveruou.s  respiratorv  sound  depends  upon  the  situation  and  size  of 
the  pulmonary  excavation,  the  caliber  of  the  communicating  bronchus, 
the  freedtan  from  occluding  exudate,  and  the  energy  of  the  respira- 
tory act. 

In  the  erest  of  the  cavity  being  Burroundu'd  by  solidifiwl  lung,  an 
is  quile  freqnently  the  ease,  before  the  focus  of  caseation  and  excava- 
tion iuis  extended  far,  the  bronchial  and  ca-vemoua  characteristics  are 
80  interminj^od  {broncJiocavemous  hrfailiinif)  that  it  beeonies  dilfi- 
cult  to  detemuDe  precisely  the  actual  physical  changes.  Again,  should 
a  sufficient  thickness  of  healthy  vesicular  tissue  lie  between  the  eavem 
and  the  cheat  Wall,  the  bronchial  quality  of  the  rrapiration  in  the 
cavity  loses  its  distinctive  character  in  the  feeble  conducting  power 
of  the  alveola  (vesicuhcavemous  breathing).  And  finally,  cavernous 
breathing  niay  be  weakened  by  temporary  narrowing  or  occlusion  of 
the  bronchne  leading  to  the  cavity,  or  by  a  partial  filling  of  the  latter 
with  muco-pus,  or  lost  by  complete  plugging  of  the  bronchus  or  filling 
of  the  cavity;  in  either  instance,  the  typical  breathing  may  be  re- 
established after  cough  and  expectoration. 

Besides  the  commonest  cause  of  cavernous  respiration,  namely, 
tuberculosis  of  advanced  stage  (usually  at  the  apices),  it  may  be 
heard  over  cavities  the  result  of  abscess,  gangrene,  cancer,  or  due 
to  a  dilated  bronchus. 

Although  of  rare  occurrence,  it  Bometimes  happens  that  cavern- 
ous respiration  is  audible  in  the  absence  of  pulmonary  cavity.  This 
has  been  observed  in  certain  eases  of  consolidation  surrounding  a 
large  bronchus  in  pneumonitis,  and  of  pulmonary  collapse  from  pleu- 
ritic effusion,  the  subs«]ucnt  course  disproving  excavation  of  the  pul- 
monary parenchyma  by  the  disappearance  of  the  signs  with  recovery. 

(3)  AsiiMioitic  IjKsi'iiuTio.v.^This  has  a  metallic,  echoing,  hol- 
low, or  blowing  ([iiality,  and  therefore  is  more  easily  distinguished 
than  the  cavernous  respiration.  As  the  appellation  indicates  {am- 
phora, a  }<n-).  it  may  be  imitated  liy  blowing  gently  across  the  mouth 
of  an  empty  bottle  or  jar.  Amphoric  breathing  is  analogous  to  the 
amphoric  resonance  obtained  on  percussion  over  large,  empty,  dense- 
walled  pulmonary  cavities. 
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Tn  »onie  cases  amphoric  breathing  is  quite  loud;  in  oiIiits  it  may 
be  audible  only  on  deep  or  forced  itreatliinj:.  The  pitch  vurics  af- 
cording  to  the  volume  of  contuiDed  air,  and  the  ti'iisiun  of  tiie 
cavity  walls;  the   larger   the  lower  the  pilih.  and   the  ti-nser   the 
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higher  the  pitch,  nlthongh  the  walls  an-  I'linnu-iffi-iiriilly 
and  do  not  collapse  with  expiration,  us  is  sn  iiiiiiiiiiin  will 
walled  cavities  eliciting  cavernons  hreiilliinj:.  Wliilc  tlu' 
amphoric  refipiration  is  slightly  higher  than  lliat  of  rawni 
lower  than  bronchial  respiration;  and  fiirtinT,  the  pitch  < 
piratory  Nound  is  a  little  lower  than  of  the  inspiralorv.  'I'ln' 
quality  may  accompany  both  or  either  of  the  scands,  liii 
cially  distinct  during  expiration. 

Causes. — Amphoric  breathing  is  always  pathnlofrie,  ami  i 
to  a  pulmonary  or  pleural  air-cavity  cmnnniiiii'alinjr  with  a 
in  the  latter  case  producing  what  is  knnwn  as  ofn,  rini 
pneumothorax. 

Although  this  variety  of  abnormal  respiratory  sound  is 
heard  more  frequently  as  produced  by  pneumothorax,  the  < 
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nf  Us  occurreiice  in  connection  with  pulmonary  cxcAvatioQ  will  l>e 
considered  first,  becnuee  of  their  physical  similarity  to  cavoraous  res- 
piration. 

(a)  To  give  rise  to  amphoric  respiration  the  cavity  in  the  Inn" 
mutit  he  of  considerable  size  (of  an  orange  or  fist),  have  tense,  firtn, 
nearly  unifoiin  walls  in  thickness  and  density,  smooth  upon  their 
interior;  have  comnninication  with  a  large  bronchus,  practically  empty 
of  exudati',  and  superficial  in  locution.  It  is  only  in  cavities  of  Urge 
dimensions  that  amphoric  echo  is  produced,  whether  hy  the  free  to- 
and-fro  movement  of  air  in  and  out  of  the  chamber,  or  hy  the  faclor 
of  consomintr — that  is,  the  intensification  nf  the  normal  brealli 
sounds  in  their  transmission  through  the  cavity,  which  acts  us  t 
resonator.  Very  likely  the  latter  explanation  holds  in  &  majority  of 
instances,  for  the  restricted  movement  of  the  chest  wall  correspond- 
ing to  cavities,  as  well  as  to  a  pueumothoras.  would  indicate  that  Uw 
entrance  and  e.tit  of  air  is  hardly  forcible  enough  to  develop  amphoric 
breathing.  Indeed,  in  cases  of  pneumothorax,  the  affected  side  may 
he  entirely  immobile  and  the  lung  tissue  collapsed,  so  that  hen>  am- 
phoric echo  is  acquired  by  the  bronchial  breathing  in  its  passage 
through  the  pleural  air-chamber  to  the  surface  by  means  of  the 
fistulous  opsiing  in  the  lung. 

Again.  uuKm  the  widls  of  the  cavity  possess  a  nearly  uniform 
density  and  thickness  and  internal  smoothness,  the  sonorous  vibra- 
tions cannot  be  reflected  with  that  degree  of  regularity  needful  for 
the  formation  of  a  tone  really  musical  in  character  (Guttmann). 
Further,  the  walls  must  not  collapse  with  expiration,  as  in  cavern- 
ous respiration.  It  must  be  quite  obvious  that  the  communicating 
bronchial  tube  must  be  patulous  and  of  sufficient  caliber,  and  the  cav- 
ity contain  so  little  liquid  that  the  consonance  will  not  be  interfered 
with.  Large  cavities  usually  extend  so  near  the  surface  that  the  am- 
phoric sound  is  loudly  audilile,  especially  anteriorly  and  at  the  middle 
height  of  the  thorax,  where  they  are  more  commonly  located,  rather 
than  at  tiic  base  or  apex. 

(b)  Amphoric  respiration  is  met  with  most  distinctly  in  cases 
of  pneumothorax,  provided  there  is  a  patent  pleural  opening  above 
the  surface  of  any  fluid  present,  that  it  communicates  with  a  large 
bronchial  tnl>e,  and  that  the  lung  is  not  so  completely  collapsed  that 
no  air  can  possibly  enter  through  the  pleural  fistula;  in  many  cases 
the  ruplurctl  pleura  heals  Iteforc  total  collapse  ensues.  Here  the  per- 
sistence of  amphoric  echo  is  due  to  the  transmitted  breath  sounds 
through  the  lung  and  pathologic  pleural  air-chamber. 
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(4)  Metamorphosing  Breathing  (Seitz). — This  is  a  modi- 
fication of  bronchial  breathing,  especially  of  the  inspiratory  sound. 
The  first  third  of  inspiration  is  characteristically  harsh,  tubal,  blow- 
ing; this  harshness  then  suddenly  changes  to  a  softer  bronchial,  cav- 
ernous, or  amphoric  breathing,  which  lasts  throughout  expiration. 
Seitz's  metamorphosing  respiration  is  mot  with  (rarely)  as  a  sign 
of  cavity  of  the  lung.  Its  physical  explanation  resides  in  the  fact 
that  there  is  a  narrowing  or  stt'uosis  of  the  bronchial  tube,  near  its 
entrance  into  the  cavity,  which  is  suddenly  overcome  by  a  vigorous  in- 
spiration, thus  either  dilating  ihc  orifice  or  expelling  plugging  mucus, 
or  lx)th.  The  change  from  the  bronchial  to  a  cavernous  tyi)e  of 
breathing  may  be  accompanied  by  rales,  due  to  the  disturbance  of 
liquid  in  the  cavity.  A  dividend  inspiration  is  an  inconstant  sign 
of  pulmonary  cavern;  but  when  repeatedly  made  out  is  a  distinctive 
sign. 


OHAPTHH    VII 

AUSCULTATION   idtich'tr,!) 
AUSCULTATORY   PHENOMENA  (Concludedi 

SOUNDS  OF  ABNORMAL  RP^^PIRATORY  COXDITIO-Vi-   (Ccncliidwi) 
(/i)  AdrftitiUmK  8"unds 

B&les. — Thf!  sounds  ftrodiicwl  by  the  act  of  breathing  may  be 
iiiiriiial  or  abnormal,  The  sounds  which  un-  now  In  be  oonsiduns! 
ant  iiiwiiyx  ahnonnal,  iiilvcntiLioitf,  and  -nnt  inodificationa  iif  a  natu- 
ral Miuud.  They  are  new  or  eujMjradded  eoundu,  either  iDtmpuhno- 
nat7  or  ph-ural  in  origin,  acmmpanying,  or  obGcuring,  or  even  sup- 
planting  the  respiratory  sounds. 

As   soon   as    ibc   normally   smooth   mueons   membrane   beoomes 

in  tbu  prodiK'tion  and  accumulation  of  secretion  takes  place, 
cither  viscid  nr  fluid,  and  either  in  the  bronchial  tubes  or  air- 
colls,  adventitious  sounds  are  heard  along  with  the  respiratory 
nnirniur. 

The  acoest^ory  sounds  which  are  generated  within  the  respiratory 
pa.ssages  and  lungs  are  called  rales  or  rlwncki,  the  term  rale  being 
the  one  commonly  used  to  designate  adventitious  sounds  produced 
in  the  brnnclii,  alveoli,  and  cavities  of  the  lung.  Pleuritic  friction 
ftourids  are  caused  by  alfeclions  of  the  pleune.  Unclassified  adyen- 
titinus  sounds  arc  the  metallic  iinkling  and  succession  or  splashing 
sounds. 

ltfilc,=  (French,  denoting  a  rattling)  are  divided,  according  to 
their  quality  into  dn/  and  moixt;  according  to  the  location  of  their 
causation  they  may  Ik,'  laryngeal,  tracheal,  bronchial,  vesicular,  or 
cavernous.  Crepilnllnn  or  critckJing  may  be  dry  or  moist  (suhcrepi- 
Imi  ni/M). 

The  following  scheme  indicates  the  varieties  of  rales  usually  met 
H-itb : 
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Rales 

(1)  Lartfngeal  and  Tracheal. 

(a)  Dry. 

(b)  Moist. 

(2)  Bronchial, 

(«)  I>ry. 

1.  Sonorous,  large  or  coarse. 

2.  Sibilant,  small  or  line. 

(/;)    Moist. 

1.  Bubbling,  large  or  coarse 

mucous. 

2.  Bubbling,    small    or    fine 

mucous,     or     sub  crepi- 
tant. 
(;3)    Vesicular. 

(a)  Dry. 

CrepHant,  or  fine  crackle. 

(b)  Moist. 

Fine,  soft  crackle,  '*  mu- 
cous  click ''    (same   as 
subcrepitant). 
(4)   Cavernous. 

(iurgling,  large,  liquid.  . 


Croup,   tui)erculosis,  laryn- 
gitis. 
'*  Death-rattle." 


Acute  bronchitis  (larger 
bronchi  and  asthma). 

Acut(»  bronchitis  (smaller 
bronchi  and  bronchioles). 

Acute  bronchitis  (second 
stage),  chronic  bnmchitis. 

Caj)illary  bronchitis,  edema 
of  the  lungs,  broncho- 
pneumonitis. 


First  stage  of  acute  lobar 
pneumonitis,  atelectasis. 

Softening  stage  of  small 
tubercular  de])osits  in  the 
alveoli. 

IMithisical  cavities  partially 
filled  with  licpiid  secre- 
tion. 


In  the  writing  of  Laennce:  "Words  will  often  fail  me  to  express 
their  characters,  or  at  least  it  will  be  diflicult  for  me  to  describe 
them  in  a  manner  sufficiently  accurate  to  give  a  correct  id(?a  to  him 
who  has  never  heard  them."     The  terms  ''  drv  ''  and  *'  moist  "  are 

ft* 

used  simply  to  indicate  the  "impression  made  on  the  observer's  mind 
as  to  whether  the  sound  is  produced  by  dry  or  moist  conditions." 

(1)  Dry.RAles  {Rhoncht). — These  sounds  are  commonly  pro- 
duced by  a  viscid,  scanty  exudate  in  the  bronchial  tulx^s,  or  by  a 
degree  of  narrowing  of  their  caliber  by  the  inflammatory  swelling 
of  a  bronchial  catarrh.     Although  there  is  some  moisture  present, 
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the  tcnn  "dry"  is  used  in  a  relative  eense,  as  the  impression  of 
bubbling  given  by  the  moiet  r4]es  is  wanting;  the  exudate  is  drier 
and  scantier. 

Ilry  rules  are  divided  according  to  their  pitch,  quality,  and  seat 
of  pmitui'lion  into  sonorous  and  sibilant.  They  have  distinct  dura- 
tion, whereas  itioiut  rfllca  are  instantaneous. 

Sanorom  rhonrhi  are  low-pi  I cht'd,  having  a  snoring,  pairing,  or 
somewhat  groaning  character,  rather  loud  in  intensity,  and  produw^l 
uaually  io  the  larger  broncliial  tubes.  These  deep-toned,  humming 
rflliH  may  occur  as  a  slight,  short,  single  rhonchus,  or  may  1k5  loud 
enough  to  be  audible  at  a  distance  from  the  chest,  and  numerous  and 
persistent  fiiroughout  Uie  respiratory  act ;  indeed,  they  may  obliterate 
the  breathing  sounds.  Because  of  the  fact  that  the  tough  mucus  is 
frequently  so  disposed  as  to  practically  change  the  bronchial  tulies 
into  wind  instruments,  the  rSlea  produced  fake  on  a  musical,  conso- 
tiitnt,  buzzing  quality.  Sometinies  a  very  coarse,  low-pitched  type  of 
sonorous  r&le,  associated  with  hoarseness  and  stridulous  breathing, 
may  be  beard  in  connection  with  inHammatory  membranous  conditions 
of  the  laryiu,  trachea,  and  main  bronchi,  and  may  communicate  a 
distinct  fremitus  to  the  hand  applied  to  the  chest. 

Tho  conditions  giving  rise  to  these  sonoroas  rales  are  Inescnod' 
caliber  froiri  tumefaction  of  ihc-  mucous  membrane,  as  in  the  early 
stage  of  bronchitis;  the  presence  of  viscid  mucus  adhering  to  the 
swollen,  roughened,  even — in  the  very  intense  acute  cases — slightly 
corrugated  surface,  and  local  pressure  from  without  by  a  tumor  or 
exudation.  In  the  first  two  instances  the  rhonchi  are  heard  best  over 
the  upper  anterior  part  of  the  cliest,  and  between  the  shoulder-blades; 
in  the  last,  they  are  circumscriiied  to  the  region  of  the  inward- 
projected  bronchial  wall.  More  rarely,  the  sonorous  r&lc  occurs  in 
connection  wifli  pulmonary  tuberculosis,  where  the  tenacious  muco- 
pus  may  partially  plug  a  large  bronchus. 

The  sibilant  rhonchus  has  a  characteristic  high-pitched,  whistling, 
hissing,  squeaking,  or  shrill  piping  sound,  also  decidedly  musical, 
heard  jiretty  much  all  over  the  chest,  and  originating  in  the  smaller 
bronchial  tubes  and  bronchioles.  In  the  medium-sized  tubes  the  rales 
may  partake  of  a  sort  of  cooing  quality.  The  intensity  is  usually 
less  than  tliat  of  the  sonorous  rfile,  but  is  quite  variable.  Where  there 
is  considerable  thickness  of  exudate  coating  the  mucous  lining  of  a 
middle-siKcd  bronchial  tube,  it  practically  converts  it  into  a  small- 
calilwreil  tube,  with  the  production  of  true  high-pitched  sibilant  rale. 
Mumiij}  whistling  tones  may  be  caused  by  tcusc  threads  of  ropy  mucus 
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stretched  across  the  bronchial  lumen,  and  set  into  vibration  by  the 
respiratory  currents  of  air  like  the  strings  of  an  EoHaii  hiir{>. 

Sibilant  ralos  may  be  caused  by  tiiiigh,  scnnly  wcrclioii  in  the 
fine  tul)e9  in  capillary  bronchitis  or  bronohopncumonitin  l>efore  liquid 
uiucus  or  niueo-pus  has  begun  to  form,  or  by  the  spasmmlic  nuiscular 
constriction  of  the  bronehiolcH  in  astbuia,  in  which  the  characlmstic 
wheezing,  wbifitling,  and  squcaliing  noises  arc  produced.  They  are 
heard  also  in  the  chronic  broncliitis  of  einpliviH-'ma. 
BllKS 


(3)  Moist  ok  Bt'imi-ixii  UAi.ks. — As  ibi^  cuiiilifviii;;  diinu'* 
eate,  these  rales  have  a  tjuality  of  soft,  buliljli.'-foniiing  or  -bursting, 
arising  principally  from  the  presence  of  iridre  nr  le-s  lluiil  fxmiiili'  in 
the  bronchial  tubes.  Moist  rales  arc  divided  into  l"ri/i'.  wiHiun.  and 
small,  according  to  the  apparent  sixo  of  the  biilililis,  (ir  nf  Ihi'  bron- 
chial or  pulmonary  cavities  in  whieh  they  arc  ]>r.idtie.Ml.  Tlieir  in- 
tensity is  variable,  the  larger  the  ludiblings  rlie  louder,  with  imjumI 
force  of  breathing.  The  pitch,  also,  Viiries  iieconlintr  lo  llie  sixe  of 
the  rales,  and  somewhat  upon  the  degree  of  fluidity  of  the  disturbed 
sul^tance;  those  produced  in  the  main  lironcbi,  for  example,  by  ibe 
vibrations  of  thin,  watery  miieus,  serum,  blond,  nr  pin  arc  dwidcdly 
lower  in  pitch  than  those  set  up  in  the  niedimu-  or  sTiinll-siztil  tuln's 
by  the  movements  of  air  through  a  thicker,  stickier  liquid. 


^m 
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Uurglft  or  ffvnfliny  rales  are  the  londest.  lowest-pi tcbe<)  ralfs 
nmmlly  mvl  with.  Thi;y  niaj  W  trnchcal  or  c««vrDiiui>  tn  their  seat 
of  iirigin.  Tht'  tracheal  r&Ii^  arc  llu>  umtm  babblue  which  occur  In 
coDiiectJon  with  many  temiinal  conilitions,  vht;n*  ihc  rapiillT  failing 
pciWLTs  anil  comatose  titatu  alluw  uDoallr  th«  deruniiuviuA  li((uid  fnnn 
Ihc  Riling,  cdumalons  lung*  to  graduatlr  creep  np  to  the  tracheal  level. 
Iliu;4  couiitituting  the  Mi-calkil  "  dcsth-rattli%'~  allliougti  death  does 
not  always  and  ncccwHarily  fn-uc  wlwn  tluw  larg«  Irachoal  gnrglm  m 
heard.  They  are  distinctty  audible  without  the  aid  of  a  uteihtisfopt'. 
and  ofti-n  ut  a  dir'tanra  of  H-rcral  yanli^  from  the  patient. 

Very  diagnoF<tic,  however,  arc  the  lorp^  liquid  giiT^li-*  of  IkiIIow, 
metallic  ((uality  heard  over  phthixical  cavities  of  the  lung,  where  there 
\*  a  coUHidenilile  amount  of  fiuid.  and  cijpccially  when  communicating 
with  a  hronehus  dipping  liolow  tlift  level  of  the  latter.  Gurgling 
rules  are  heard  about  equally  well  during  inspiration  and  expiration, 
nml  iiiv  aUi)  exeitiHl  reailily  by  coughing.  The  pn-sem*  of  a  large 
bubbling  or  eavemoua  rale  at  either  apex  cannot  arise  from  the  bron- 
chial tulK-s  within.  aH  they  arc  too  limall,  but  must  mean  a  large 
palbologic  apace — a  cavity,  espttcially  if  thp  rftle  *cema  cIom  to  the 
auscultating  ear.  Etsewhere,  large  or  inediom  moist  r^es  may  indi- 
cate also  bronchial  dilation,  and  have  a  more  distant  quality, 

CavcnMiiiii  gurgles  may  be  alisent.  cnii^tantly  or  leiiiporarily.  Uv 
cause  of  the  following  conditions:  The  cavity  may  be  empty  of  liquid; 
it  may  Ik;  entirely  fiHeil  with  liquid,  excluding  the  air;  the  level  of 
the  liijuiil  may  bo  In-low  the  opening  of  the  bronchial  tube;  the  latter 
may  be  obstructed,  as  by  a  plug  of  inspissated  muco-pus;  rarely,  the 
cavity  iiiiiy  be  purlially  or  completely  occluded  by  the  pressure  of  a 
pleurilic  cITusion. 

/,(((■;/('  nnii'iii.i  rales,  of  a  loud,  low-pitched,  bubbling  character — 
tli'iugli  lacking  the  hollow,  deep  sound  of  the  cavernous  rale — when 
heard  over  the  jioi-ition  of  the  main  bronchi,  are  significant  of  the 
stage  of  free  li(|uid  secretion  of  acute  or  chronic  bronchitis.  Simi- 
larly, sliglitly  higher-pitched,  medium-sized  moist  rSles,  heard  lower 
ilown  ami  in  the  interscapular  region,  over  tubes  of  moderate  caliber, 
iiidicHte  llie  jiroscncc  of  n  deeper-seated  bronchitis  with  mueoserous 
or  purulent  fluid,  or  of  a  hemorrhage  into  the  lubes,  or,  possibly,  of 
jiulmonarv  edema,  the  transuded  liquid  having  risen  to  the  level 
of  the  lui.cs. 

Till'  /iitr  iiioi.it  or  subcrepilant  rale  is  the  smallest  of  the  rales 
having  a  moist  quality.  It  is  produced  in  the  finest  tubes  or  bron- 
chioles,    lis  plmraeter  is  that  of  the  bursting  of  the  tiniest  bubbles. 
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or,  more  often,  the  separation  of  the  moist,  sticky  walls  at  the  time 
of  the  respiratory  passage  of  air-currents.  This  rale  is  so  fine  and 
high-pitched  that  it  approaches  the  dry,  crackling  quality  of  the 
crepitant  rale  (vide);  hence  the  term,  subcrepitant.  While,  as  just 
intimated,  this  fine  moist  rale  may  arise  from  tlie  air-disturbed  liquid 
secretion  in  the  bronchioles  or  air-cells,  tiie  more  probable  explana- 
tion is  that  it  depends  upon  the  rapid  and  sharp  *'  separation  of  the 
agglutinated  walls  of  these  finer  air-passaixes  from  eacli  other ''  rather 
than  upon  the  formation  and  bursting  of  bubbles.  The  force  of  res- 
piraticm  is  so  slight,  and  the  caliber  of  the  tubes  is  so  small,  as  to  be 
insufficient  for  the  raising  of  bubbles.  JWause  of  th(^  greater  force 
of  inspiration,  therefore,  the  subcrepitant  rale  is  usually  more  evident 
during,  or  rather  near,  the  end  of  the  inspiratory  breath  sound,  but 
also  with  the  expiratory  sound  if  the  exudate  in  the  bronchioles  is 
not  too  tenacious.  A  sound  similar  to  the  finest  moist  nlU*,  as  pro- 
duced in  the  terminal  bronchial  tubes  and  v(»sicles,  may  be  obtained 
by  pulling  apart  the  thumb  and  finger  or  palms  of  the  hands,  which 
have  previously  been  wetted  with  a  siru])y  or  gummy  licjuid. 

The  conditions  causing  the  subcrepitant  rAle  arc  numerous.  They 
may  be  local  or  more  or  less  general.  When  iirescnt  only  in  one 
apex,  a  number  of  these  small,  moist,  crackling  rales  indicate  be- 
ginning tuberculous  bronchopneumonia — phthisis,  ind(»ed,  as  a  single 
"click''  heard  over  an  apex  is  almost  diagnostic  of  ineif)ient  tuber- 
culosis; but  thev  mav  be  heard  also  durin;^  the  serond  >\\v^v  of  the 
disease,  while  cheesy  degeneration  and  liijurfaetion  of  the  tuberculous 
deposit  is  going  on. 

Thev  mav  be  detected  aroun<l  the  borders  of  nneumonilic  consoli- 
dation  from  various  causes,  on  account  of  I  lie  adjacent  collateral 
edema  or  congestion,  or  bronchial  catanh.  As  acc(nn|)animents  of 
the  so-called  lobidar,  catarrhal,  or  bronchopneumonitis  of  the  veiy 
old,  and  of  young  children,  they  an*  characteristic;  Ium'c  they  are 
due  to  the  capillary  bronchitis  in  ihe  second,  or  moist.  >tage.  the 
subcrepitant  rales  following  the  sibilant  rhonchi  of  the  first,  or  dry, 
stage.  In  this  disease  the  rales  occur  over  multiple  small  areas  ])os- 
teriorly,  or,  in  extensive  cases  of  bronchioliiis,  may  be  heard  all  over 
the  chest. 

As  the  so-called  rale  reduj\  the  subcrepitant  rfde  is  commonly 
present  in  the  later  or  resolving  stage  of  lobar  pneumonitis. 

The  discovery  of  fine  moist  rales  in  the  infrascapular  regions 
may  point  to  pulmonary  edema,  hypostatic  congestion,  or  an  eilusion 
of  blood  into  the  bronchial  tubes. 
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Vartaliotu  niiil  conditions  modifying  the  hronchial  r&Jea  are  im- 
portant for  consideration  lietore  taking  np  the  crepitant  r&le,  wtiirfi, 
when  not  pleuritic  in  origin,  in  produced  aboonnally  within  iho 
alveoli. 

Besides  the  variations  in  quality  and  pitch  already  given,  the 
size,  loiidiifsa,  and  location  of  the  rales,  their  bronchial  origin  ie 
characterized  by  the  facta  that  they  are  most  changeable  as  to  audi- 
bility or  intensity  in  any  particular  locality;  also  as  to  number  and 
the  etTeota  of  cough.  The  additional  sigiiilieanco  that  the  bronchial 
rSles  accompany  both  inspiratory  and  expiratory  breath  i«oundi<'.  ami 
that  their  tone  or  character  is  influenced  by  the  condition  of  the 
eurrounding  lung,  must  also  be  noted. 

Further  details  of  importance  in  diagnosis  are  appropriately  con- 
sidered, therefore,  at  this  juncture. 

In  the  first  place,  rales  vary  greatly  in  character.  This,  as  pre- 
viously intimated,  is  a  feature  of  the  bronchial  rales,  and  reference 
to  it  bears  repetition  here  in  a  more  specific  way.  During  and  after 
an  asttmiatic  paroxysm,  for  instance,  a  multitude  of  all  sorts  of 
rales  may  be  heard  within  a  few  hours.  In  a  case  of  bronchitis, 
dry  r&iea  are  commonly  followed  by  moist  rSles.  At  one  time  the 
rile«  may  he  large  and  bubbluag,  and  shortly  afterward  these  may 
he  repliicL'd  hv  small  moist  rales  as  the  palbniogic  condition  '.■xlciid> 
downward. 

Secondly,  bronchial  rales  in  particular  exhibit  differences  in  in- 
tensily.  Their  loudness,  however,  does  not  depend  upon  their  num- 
ber, l>ut  upon  the  force  of  the  breathing.  The  value  of  the  attribute 
of  loudness  rests  upon  Die  localization  of  the  rflles  with  more  pre- 
cision ;  the  louder  a  rale  becomes  in  moving  the  ear  over  the  chest 
the  nearer  one  approaches  the  spot  of  its  generation.  This  involves 
the  question  of  tlie  Iranxmixsion  of  rales.  It  should  be  remembered 
that  the  region  where  a  rate  is  heard  at  once  docs  not  necessarily 
corresjHtnd  to  the  part  of  its  origin.  It  is  rare,  however,  to  find 
rales  transmitted  from  one  lung  to  the  other;  that  is,  if  r&Ies  are 
audible  over  ]>otli  r^iiles  of  the  chest,  it  may  be  inferred  that  the 
cause  e.xists  hilalerally,  as  in  bronchial  asthma.  Usually  the  dry 
rales  are  conducted  to  a  greater  distance  than  even  the  loudest  of 
the  bubbling  "ounds.  When  the  adjacent  lung  tissue  is  thickened 
from  any  cause,  increasing  its  conducting  power,  the  rales  produced 
beneath  are  heard  with  exaggerated  intensity.  In  cases  having  very 
loud,  pspecinliy  wmorous  rhonehi,  and  where  the  thoracic  walls  are 

iparativeiy  thin  and  elastic,  their  vibrations  are  transmitted  to 
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the  surface  so  as  to  be  palpable — rhoncbal  frcnnitus  (see  under  Pal- 
pation ) . 

Thirdly,  the  irregularity  and  inconstancy  of  the  ])r()nchial  rales 
is  very  characteristic.  This  ap])lies  especially  to  their  evidence  and 
recurrence,  as  influenced  by  coughing  and  breathing.  Thus  thoy  vary 
as  to  location.  Before  one  may  be  assured  that  there  are  no  rales 
present  in  a  patient,  it  is  always  well  to  have  him  cough,  and  then 
take  a  full  breath  a  few  times.  Botli  drv  or  musical  and  moist  or 
bubbling  rales  may  be  developed  or  increased,  diminislied  or  removed 
at  a  given  spot  by  cough  or  forced  ros])i ration.  Tli(\v  nuiy  occur  at 
several  different  places  within  a  sliort  time,  in  tlie  most  transient, 
fugitive  manner;  appearing  wliere  before  tliey  were  absent,  disappear- 
ing where  they  were  present,  shifting  from  j^biee  to  j)hu'e  from  day  to 
day,  or  even  while  the  patient  is  un<ler  examination. 

Fourthly,  the  staye  of  rcMpiration  in  which  the  rales  occur  is  quite 
significant  in  most  cases.  Bronchial  rah\s,  dry  and  nunst,  may  be 
heard  during  both  inspiration  and  expiration,  or  either  al(me.  The 
sibilant  rhonchi  are  more  frequently  audible  toward  the  end  of  in- 
spiration, except  in  asthma  and  empliysema,  where  the  expiratory 
difficulty  causes  exaggeration  of  the  force  of  that  act  by  the  auxiliary 
muscles  of  respiration.  The  sonorous  rhonchi  may  be  heard  through- 
out the  whole  of  inspiration  and  expiration,  provid(Ml  the  latter  is 
not  unduly  weakened.  The  large  moist  rales  aiv  also  nearly  con- 
tinuous, especially  in  diffuse  bronchitis  with  copious  li<|uid  secretion. 
If  scanty,  the  bubbling  sounds  may  be  liniit«Ml  to  the  insj^iratory 
portion  of  the  breathing.  Sometimes  the  rales  oeeu])y  the  whole 
of  the  respiratory  act  so  completely  and  loudly  that  the  breath  sounds 
may  be  entirely  obscured.  The  subcrepitant  rale  is  not,  as  a  rule, 
evolved  with  a  promptness  simultaneous  with  the  heirinnini^^  of  in- 
spiration, but  is  apt  to  occur  with  variable  suddenness  at  the  (»nd 
of  inspiration  or  the  beginning  of  expiration.  The  rales  arc*  few  in 
numl)er,  and  often  dissimilar  to  each  other.  They  are  inllueneed 
by  coughing,  and  manifest  the  changeahleness  of  other  bronchial 
rales. 

Fifthly,  bronchial  rales  may  be  modiiied  in  (piality  aeeording  to 
the  condition  of  the  adjacent  lung,  I'hey  may  have  a  rr.sunant  or 
ringing^  even  metallic  character.  Thus  the  dry,  humming,  j)urring, 
sonorous  rales  may  change  from  a  toneless  noise  to  a  clear,  res«)nant, 
almost  musical  sound.  This  happens  in  certain  cases  of  bronchitis 
with  tough  mucus  accompanied  with  thickening  of  the  lung,  as  at  the 
beginning  of  the  second  stage  of  pneumonia.     Sibilant  rhonchi  are 
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seldom  "consonant"  or  ringing,  owing  to  Ihc  damping  effect  o{  thf 
surrounding  air-filled  vesicles  in  tlie  cases  of  asthma  and  emphysema 
in  which  they  are  commonly  heard.  More  often  moist  riles  become 
ringing. 

Besides  conaolidaied  luttg  tiesue,  resonant  rilles  arise  in  close 
proximity  to  cavities.  The  ringing  rales  bear  about  the  same  acoustic 
relation  to  the  non-ringing  that  bronchial  breathing  does  to  normal 
wsiouUr  breathing.  The  explanalion  is  found  in  the  fact  that  dense 
tissue  transmits  the  rule  sonnd  with  a  favorable  intensification.  If 
the  individual  bubbles  are  few  and  ot  deep-seated  origin,  their  reso- 
nant character  may  be  barely  noticeable.  Further,  it  is  not  invariably 
true  that  moi.'^t  bronchial  rSles  within  the  neighborhood  of  condonstd 
tissue  are  ringing  in  quality;  for  the  area  of  thickening  may  be 
small,  or  tlierc  may  still  be  patches  of  espaugible,  spongy  lung  tissue 
between  those  of  the  deposits  of  thickening. 

The  clearest  ringing  moist  rales  occur  within  or  very  closely  te 
superficially  situated  cavities  of  fair  or  large  size,  and  surrounded 
by  a  zone  of  consolidated  lung  parenchyma.  Here  the  ringing  may 
assume  a  distinct  clanging  {klang).  or  metallic  tone,  thus  corre- 
sponding to  amphoric  resonance  and  breathing  as  the  ordinary  ringing 
r&les  do  to  bronchial  breathing. 

While  the  resonant  riiles,  then,  indicate  the  positive  presence  of 
consolidation  or  excavation  of  the  vesicular  tissue  (except  as  below), 
on  the  other  hand,  non-resonant  rales  do  not  necessarily  exclude  such 
conditions.  In  instances  of  the  latter,  the  physical  changes  are  de- 
tected by  dulness  or  tympany,  as  the  case  may  be,  and,  on  ausculta- 
tion, bronchial  or  cavernous  respiration. 

With  two  exceptions,  ringing  rales  are  practically  never  associated 
with  vesicular  breathing.  In  the  first  place,  in  the  simple  bronchitis 
of  children,  without  any  evidence  of  consolidation  or  cavity,  the  rales 
not  infre<]nently  have  a  resonant  character  because  of  the  marked 
elasticity  of  the  lungs  and  chest  wall.  Again,  in  certain  cases  of 
emphysema,  along  with  the  generalized  sibilant  and  snoring  rhonchi, 
there  may  ho  a  circumscribed  region  over  a  lower  lol)e,  without  bron- 
chial breathing  and  dull  percussion  note,  that  is,  evidence  of  con- 
densation of  lung;  or  of  tympany  and  cavernous  or  amphoric  breath- 
ing, tlmt  is,  signs  of  cavity;  and  yet  the  presence  of  ringing  rSles: 
here  we  may  infer  a  ileep-seated  bronchieclatic  cavity,  or  possibly  a 
bronchopncmnonic  deposit,  to  account  for  the  phenomena. 

(3)  TiiK  Crepitaxt  Rale. — This  rale  is  dislinctive  because  it  ia 
the  finest  of  rale  sounds,  having  a  special  acoustic  quality  which 
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permits  it  to  be  classified  as  the  finest  moist  sound  as  regards  its 
origin,  but  is  more  often  referred  to  as  a  dry  rale  because  of  its 
peculiar  quality;  the  quantity  of  moisture  is  so  small,  and  the  s])aces 
within  which  the  crepitations  are  produced  are  also  so  small — namely, 
the  alveoli  and  terminal  bronchioles — that  the  sounds  consist  of  a 
number  of  fine,  dry  crackles;  hence  the  term.  The  tiueiiess  and 
dryness  of  the  rale  mav  be  imitated  bv  rubl)in<]:  a  small  lock  of  liair 
between  the  finger  and  thumb  close  to  the  ear,  or  l>y  throwing  salt 
on  a  fire.  The  crackles  are  entirely  wanting?  in  the  line,  moist,  al- 
most  bubbling  quality  of  the  sul)crepitant  rale.  Otlier  point.^  of  ilif- 
ferentintion  between  these  somewhat  similar  adventitious  sounds  are 
as  follows:  (a)  The  crepitant  rales  are  more  numerous  than  the  suh- 
crepitant,  the  minute  crackles  succeeding  each  otlur  so  raj)i(lly  that 
to  the  tvro\«?  ear  thev  mav  seem  like  a  continuous  sound — like  the 
very  distant,  hardly  audible  explosion  of  a  hunch  of  firecrackers; 
(h)  crepitations  are  uniform  or  equal  in  size,  whih'  the  suhcrepitant 
rales  are  variable  in  size;  (r)  the  crepitant  rahs  are  not  intluenced 
by  coughing,  as  are  the  subcrepitant,  being  heard  equally  well,  if  not 
better,  after  as  before  the  cough,  probably  because  of  the  temporary 
increase  in  the  fulness  of  the  inspirations. 

Until  recently  it  was  taught  that  the  cre])ilant  rale  occurred  in- 
variably and  pathognomonically  at  the  time  of  inspiration,  and  usually 
at  the  end  of  inspiration.  While  this  is  true  in  the  majority  of  cases 
in  which  the  crepitant  rale  is  met  with,  nevertlieless  it  is  often  heard 
at  the  beginning  of  expiration,  and,  at  any  rate,  the  ])recise  time  at 
which  it  is  heard  depends  upon  the  patiiologic  ((uidition  causing  it. 
Thus,  it  is  generally  spoken  of  as  the  characteri>tie  rale  of  tiie  lirst 
or  congestive  stage  of  acute  lobar  pneumonia,  in  which  it  is  held 
that  the  pulmonary  capillaries  of  the  affected  lol)e,  soggy  witli  an 
excess  of  blood,  permit  an  incipient  transudation  of  s(nne  of  the 
latter's  serum,  causing  an  agglutination  of  the  intravesicuhir  walls 
with  the  expiratory  contact,  the  separation  of  wjiich  witli  the  suc- 
ceeding inspiration,  however,  giving  rise  to  a  numher  of  line  cre[)i- 
tations  corresponding  to  the  number  of  vesicles  (or  terminal  bron- 
chioles) in  which  the  sticky  contact  is  overcome.  This  explanation 
makes  the  crepitant  rale  exclusively  intra])ulmonary  in  origin. 

On  the  contrary,  the  extrapulmonary  or  ])leuritic  causation  of  the 

rale  has  its  advocates  also.    That  is,  it  is  maintained  that  it  is  nothing 

more  than  the  finest  kind  of  pleuritic  friction  sound.     For  it  is  a 

well-known   fact  that  the  pleural   covering  of   that  ])f)rtion  of   the 

lung  affected  by  the  pneumonitic  process  is  practically  alwavs  in- 
14 
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teeouijiy.  and  really  produces  the  "etitcli  in  the  side" 
«     )lain(<d  of  liy  pneumonia  patients.     Undoubtedly,  the 
nti       af  the  viscid  pulmonary  and  costal  pleural  surfacts  at 
(.ijii  ni  II  ;piralion,  and  their  separation  or  slight  frictiiwi  at  the 
inci        of   ixpiration,  are  frojuent  contributory  oaui^»  in  the  pro- 
clinii  '  crepitant  rales.     In  a  certain  number  of  cases  I  have 

■n  Ico  lo  infer  that  the  regular,  persistent  occurrence  of  crepita- 
at  the  end  of  inspiration  only,  disappearing  with  the  positive 
lishment   of  consolidation  twenty-four  hours   later,   pointed   in 
ir  int rap ulmon a ry  origin.     Again,  their  coincidence  with  the  be- 
ing of  expiration,  as  nfvmrniplv  ilefermined,  and  their  eoutinu- 
e  when  the  vesicles  vi  filled   firmly  with   fibrinous 

jdate,  along  with  th  being  priMluced  near  the  sur- 

«,  was  equally  signifi.  causation.    So  that,  aa  usually 

nepires,  the  truth  embraci;=  's,  as  to  credibility  and  proba- 

tulity.    A  third  explanation,  thai  tant  rales  are  "caused  by  the 

bursting  of  fine  bubbles  formed  by  'oreing  out  during  inspiration 
of  the  secretions  from  the   brc  s  into   their  infundibuli."   is 

more  consistent  with   the  dcve  of   patches  of  bronchopneu- 

nionitie  than  of  lobar  pneumo  iral  crepitations  may  be  diag- 

nosticated sometimes  by  eliciti..p  ..  atcr  abundance  of  them,  with 
increased  loudness,  by  the  pressure  of  the  stethoscope  with  persist- 
ence after  coughing. 

The  crepitant  rale  is  sometimes  heard  accompanying  the  sub- 
crepitant  in  the  final  stages  of  resolution  in  pneumonia  {crepitans 
redux).  It  is  present,  also,  in  connection  with  cases  of  tuberculosis 
(apices),  catarrhiil  or  bronchopnenmomiis  (bases),  infarctions,  ale- 
kdasis,  and  edema  of  the  lungs,  although  more  rarely  than  the  finest 
bubbling  or  subcrepitant  nde. 

Atelectatic  crepitations  deserve  brief  separate  consideration.  They 
may  be  intimately  conni-ctcd  with  pathologic  pulmonary  conditions, 
or  only  remotely  so,  as  on  the  Imrdcr-lino  of  the  normal.  As  regards 
the  former,  they  may  occur  over  lung  that  is  partially  compressed  by 
a  pleural  effusion,  and  the  patient  is  induced  to  take  deep  inspirations 
while  one  listens;  or  over  collapsed  lung,  similarly,  when  either  main 
broiH'hus  is  coiTipre:;scd — l)y  a  large  aneurism,  for  example — or  oc- 
cluded within  l)y  a  foreign  body.  Patches  of  atelectasis  between  areas 
of  bronchopneumonia  posteriorly  may  be  manifested  by  scattered 
crepitations,  when  other  physical  signs  are  absent  or  elicited  dubi- 
ously, on  account  of  the  smallness  of  the  areas.  Here  one  must, 
furthoruiore,  be  guarded  against  mistaking  the  subcrepitant  rSIe  which 
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accompanies  the  bronchiolitic  catarrh  for  the  finer,  drier,  higher- 
pitched  crepitant  rale. 

Again,  almost  physiologic  are  the  crepitations  hoard  at  the  end 
of  a  deep  inspiratory  effort  in  those  who  are  congenitally,  habitually, 
or  because  weak,  sickly,  or  invalided  from  other  diseases,  poor  breath- 
ers. Those,  particidarly,  who  are  j>rodisj)osiHl  to  '*  consumption " 
seldom  inflate  the  apices  of  their  lungs  witli  ordinary  respiration,  and 
do  so  with  difficulty,  even  bv  forci])le  breathing,  as  thev  may  be 
able.  Patients  who  are  obliged  to  remain  in  bed  because  of  pro- 
tracted, exhausting  illness,  not  infrecjiiontlv  give  evidence  of  vesicu- 
lar collapse  by  the  inspiratory  crepitations  beard  with  incn^ased 
respiratory  efforts;  these  are  usually  found  at  tbe  base  of  the  lungs, 
at  their  borders,  laterally  and  posteriorly.  In  fart,  in  many  persons 
of  ordinary  health,  but  whose  resj)initory  function  is  superficial  and 
sluggish,  as  in  those  with  sedentary  habits,  or  wlio.  in  standing  or 
sitting,  habitually  assume  faulty,  confined,  stooping,  round-shouldered 
attitudes,  fine  crepitant  rales  are  often  beard  a]<>ng  with  the  full 
breathing  needed  to  overcome  the  atelectasis.  W(>  (lisc(>ver  them  over 
the  apices  of  the  young — students,  clerks,  factoiy  and  shop  hands, 
etc.;  quite  commonly  at  the  bases,  especially  in  the  lower  axillary 
regions,  of  individuals  over  forty  or  forty-five^  years  of  age — as  in 
professional  and  business  and  club  men,  gov(Tnmeut  officials,  and  so 
on,  who  sit  and  ride  too  much,  and  walk  or  exercise  otherwise  too 
little  out-of-doors.  Such  crepitations  usually  disapj)ear  after  four 
or  five  full  breaths  have  been  taken. 

Laryngeal  crppitation^  as  a  sinn  of  hihcnHlosis  (Cyhulski:  eon- 
firmed  by  Kemouchamps,  La  Snnninr  mrd\rah\  Xo.  4S,  p.  W^l,  De- 
cemlK*r  2,  1903),  I  can  also  testify  to  as  of  distinct  confirmatory 
value  when  present,  although  its  absence  does  not  preclude  the  jiossi- 
bility  of  the  disease  being  present,  nevertheless.  It  may,  however,  in 
occasional  cases  of  incipient  tuberculosis,  serve  to  dctcrmiiH^  \\w  diag- 
nosis when  other  auscultatory  phenomena  fail  to  give  positive  resuUs. 

The  method  is  simply  to  have  the  patient  prefcrahly  lying,  with  tlie 
mouth  slightly  open,  while  the  physician  listens  with  tbe  ear  at  a  dis- 
tance of  from  5  to  10  cm.  from  the  patient's  mouth.  If  the  individual 
is  affected  with  pulmonary  tuberculosis,  a  fine  crepitation  is  heard  in 
many  cases  which  is  termed  laryngeal,  because  its  maximum  inten-^ity 
is  near  the  larynx.  The  sound  resembles  the  scratching  of  a  pen 
moved  softly  over  paper.  It  is  heard  both  during  inspiration  and 
expiration,  but,  in  my  experience,  is  usually  more  marked  during  the 
latter.     This  laryngeal  crepitation  persists  during  the  whole  course 


PUYSICAL    !>IAtiXOSIS 

of  the  discaso,  and  this  persistence,  together  with  its  i 
(littiinution  along  w-ilh  the  aggravsiion  or  nmelioralion  of  the  mslailv. 
und  I  hi-  niwence  of  the  eonorou*  and  sibilant,  or  iimcou^  ralea  ooteil 
in  hrouchitis,  constitute  the  chief  poinu  in  establishing  the  dia^oci^. 

The  atti^iiltutor  must  guard  against  being  deceived  by  arlifintil 
crepitalion.  This  sound  is  produced,  !!o  loudly  at  times  as  to  inter- 
fere seriously  willi  the  perception  of  the  respirator)-  sound?,  hv  the 
rubbing  of  hairs  on  the  chest  against  the  end  of  the  stethoscope. 
This  source  of  error,  as  pointe<i  out  before  (see  Method),  ratty  be 
eliminated  by  aimply  wetting  or  oiling  the  hair  until  its  ertspnee^ 
18  overcome,  and  it  ties  flatly  and  closely  to  the  gkin. 

The  "mucous  click"  is  a  fine,  soft,  moist  crackle  or  "click." 
iisiinlty  occurring  singly,  and  not  reiuovod  by  coughing  (Loomis) ; 
it  is  virtually  an  isolated  subcrepitant  rile.  Tlie  term  having  been 
early  aiisociated  specificaliy  with  the  diagnaiis  of  incipient  apical 
tuberculosis,  has  |K'rsistc<l  hitherto  in  clinical  language  in  the  same 
connection.  It  is  probably  due  to  the  forcible  and  sudden  inspiratory 
separation  of  tlie  walls  of  a  small  bronclius  which  have  been  adherent 
because  of  the  viscid  sccrt'tion  of  a  tuljerculous  bronchitis,  or  of  the 
fofteniug  doKn  of  au  adjacent  lobule  of  tuberculous  deposit. 

In  g(?neral,  it  may  be  said  that  in  the  majority  of  instimres  where 
nil<v-  arc-  l.oard  thuir  ..rijiin  is  l.ronfliial :  ihat  crackling  riile.s  whcthtT 
dry  or  moist,  occurring  at  the  bases  of  the  lungs,  usually  indicate 
some  bronchopulmonary  congestion  there  (pneumonitic) ;  at  the 
apices,  usually  a  tuberculous  broncholobular  inflammation  or  infiltra- 

Pleural  Adventitions  Sonndi. — Pleuritic  Friction  Sod.sds. — In 
hfallh,  tlio  sniootli,  serous,  thin  pulmonary  and  costal  pleura  glide 
over  each  other  during  the  respiratorj-  movements  without  noise. 
Any  di-oascd  condition  of  llie  pleural  surfaces,  therefore,  which  pro- 
duces aliniiruuil  rougliness,  dryness,  or  thickness  is  usually  accompa- 
nied with  some  kind  and  degree  of  friction  or  rubbing  sound. 

The  favoritt^  loration  of  pleuritic  friction  is  over  the  lower  zone 
of  Ihi'  ilic.-l.  liilorally  and  pnsleriorly,  but  especially  in  the  axillary 
region.  hUiti'  the  c\cvirsion  of  lung  movement  is  greatest,  and  costo- 
diiiphragiiiiilic  ]»lcviral  apposition  is  closest.  The  friction  sounds  may 
be  heard  ovir  a  large  area  at  the  hase  of  the  lung,  on  one  side  only, 
as  a  rule,  as  in  ordinary  pleuritis,  or  rarely  it  may  be  localized  over 
a  small  ari'a  al  the  apex  in  early  tultcrculosis  (dry  tuberculous  pleu- 
risy). Again,  quite  commonly,  it  may  occur  in  small  patches,  one 
or  more,  in  the  axillary  and  infrascapular  regions. 
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The  quality  and  intensity  of  the  pleuritic  friction  sounds  vary 
considerably  according  to  the  character,  chronicity,  and  degree  of  the 
pathologic  changes.  When  the  sounds  have  a  rough  ruhhing,  grazing, 
shufflings  grating,  rasping,  or  even  creaking  or  "  leathery ''  character, 
the  pleural  surfaces  are  manifestly  dry  and  roughencil  by  a  fil)rinous, 
cohesive  exudate  (pleuritis  sirra).  At  tlu'  onset  of  a  pleurilis,  when 
the  only  change  is  the  early  dryness  of  the  congestion  of  the  nicin- 
brane,  the  friction  sound  is  hardly  more  than  a  slight,  singlr,  al)ruj)t, 
grazing  or  soft  scratching  noise,  audil)le  over  a  variable,  but  usually 
limited,  extent  of  surface.  ^Moderatelv  and  extreiiu'lv  loud  rubbing, 
grating,  or  scraping  sounds  point  to  iiuToased  intensity  of  pb'ural 
inflammation  and  quantity  of  j)lastic  exudation  u\Hni  the  aj>p()se(l 
surfaces,  with  consequent  aggravated  attrition. 

As  suggested  by  Cabot,  *' the  sound  of  ])kMiral  friction  may  be 
closely  imitated  by  holding  the  thumb  and  forefinger  close  to  tbe 
ear,  and  rubbing  them  pjist  each  other  with  strong  pressure,  or  by 
pressing  the  pahn  of  one  hand  over  the  ear  and  rubbing  ui)on  the 
back  of  this  hand  with  the  fingers  of  tbe  otlier.*'  Friction  sounds 
seem  very  near  to  the  ear,  and  their  superficial  character  may  be 
attested  by  noting  their  intensification  when  external  pressure  is  made 
against  the  chest  with  the  head  in  immcjdiate  auscultation,  or  with 
the  Bowles  stethoscope.  The  loudness  of  intrnjuilnionary  ri\U'>  cannot 
be  affectiKl  so.  Not  infrecpieutly,  in  marked  cases  assoeiated  with  a 
harsh  grating  sound,  the  friction  may  also  be  palpabb*  (fremitus), 
and  equally  sensible  to  the  patient  as  well. 

In  pitch,  the  pleuritic  friction  sounds  vary  gn-ally,  but,  as  a 
rule,  they  are  distinctly  higher  pitched  than  the  atljacent  re-j)iratory 
sounds. 

The  duration  of  the  individual  frictions  de])end<  mostly  upon  tbe 
extent  and  continuity  of  the  pleurhie  sticky  exudate,  tli<*  dilatability 
and  freedom  of  motion  of  the  lung,  and  upon  the  aumunt  <d'  pain. 
A  single  short  rub,  or  several  short,  scratcby  sounds  fnl lowing  each 
other  in  rapid  succession  without  tbe  intervmtion  of  a  pause,  .signifies 
one  or  more  small  patches  of  circumscribed  j)leuritis,  often  bunched  to- 
gether. Again,  even  in  well-marked  cases  of  I'xtensive  pla>lic  inflam- 
mation of  the  pleurae,  the  stitchlike  accomf)anying  ]>ain  caust.'s  what 
might  otherwise  be  a  friction  sound  of  long  duration,  merely  the 
shortest,  catchy,  interrupted  grazing.  Directly  cr)nnectod  with  this 
element  of  duration  is  the  relation  of  friction  sounds  to  the  re-^piratory 
rliythm.  They  usually  accompany  both  inspiration  and  expiration — 
to-and-fro  sound;  frequently  they  are  heard  only  during  inspiration 
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aJone,  and  nnly  rarely  do  Ihey  exist  with  fxpiration  alone.  Ther  are 
louder  during  inspiration,  for  obvious  reasons,  and  are  most  audible 
at  the  end  of  this  act,  particularly  the  lighter  rubbing  sounds.  The 
loud  rasping  and  creaking  frictions  of  cases  of  pleuritic  thickening 
and  roughening  in  the  chronic  pleuritea,  sometimes  with  calcareous 
infiltration  in  very  old  people,  may  be  heard  throughout  the  greater 
part  of  both  inspiration  and  expiration.  Disappearance  of  the  friction 
i;ounds  after  continued  deep  hreathing  for  a  minute  or  two  is  es- 
plaini.'d  by  the  smoothing  out  of  the  rough  elevations  causing  the 
friction,  just  as  one  might  separate  the  buttered  surfaces  of  two 
slices  of  bread  put  together — first  by  lifting  or  pulling  tliera  apart, 
thus  showing  the  irr^ular,  wavy  appearance,  and  then,  after  pressing 
them  together  again,  remove  them  past  each  other  by  a  steady,  gliding 
motion,  thus  leaving  the  buttered  surfaces  almost  as  smooth  as  wlien 
spread  with  a  knife. 

For  the  purpose  of  eliciting  a  friction  sound  that  may  have  dis- 
appeared, or  when  one  is  in  doubt  as  to  the  presence  of  pleurilie 
friction  at  all,  the  arm  or  decubital  maneuvers,  as  suggestuil  hy 
Abrams,  may  be  resorted  to.  The  first  consists  in  having  the  patient 
suspend  respiration  while  he  or  the  physician  raises  the  arm  on  the 
affected  side  over  the  head ;  at  the  same  time  the  suspected  area  is 
auscultatwl.  This  niancuvcr  reverses  thi.'  direction  of  the  movement 
of  the  parietal  against  the  pulmonary  pleura,  and  thus  may  be  the 
means  of  eliciting  a  slight  pleuritic  friction  that  may  have  disap- 
peared because  of  a  previous  smoothing  out  of  roughnesses  in  the 
ordinary  act  of  respiration.  The  decubital  maneuver  is  described  as 
follows;  "  Let  the  patient  lie  upon  the  affected  side  for  a  minute  or 
two,  then  let  him  rise  quickly  and  suspend  respiration.  Now  listen 
over  the  afTccted  area,  at  the  same  time  directing  the  patient  to  take 
a  deep  breath," 

The  friction  sound  is  changed  very  little,  if  at  all,  by  coughing, 
and  may  bo  increased  slightly  after  that  act. 

When  a  pleuritic  friction  sound  ceases  to  be  heard,  quite  often  it 
means  that  the  surfaces  of  the  pleura!  have  become  separated  by  the 
production  of  a  liquid  effusion,  although,  on  the  other  hand,  the 
presence  of  sxich  an  effu;!ion  does  not  invariably  preclude  the  audi- 
bility of  a  friction  sound  being  heard  even  over  the  seat  of  the  effu- 
sion, as  in  occasional  eases,  particularly  in  children,  the  sound  pro- 
duced above,  where  llie  pleural  surfaces  are  still  in  contact,  may  be 
conducted  downward  along  the  chest  wall.  As  the  fluid  becomes 
absorbed,  or  removed  by  tapping,  in  some  cases  the  renewed  contact 
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of  the  thickened  pleural  surfaces  produces  a  coarse  friction  sound 
often  louder  even  than  during  the  first  stage  of  the  pleuritis.  The 
persistence  of  this  phenomenon  may  be  sensible  to  the  patient  for 
years  after  recovery,  and  may  cause  considerable  anxiety  unless  it  is 
explained  that  pathologic  or  structural  changes  do  not  regain  the 
normal,  although  clinically  or  functionally  he  may  be  quite  well;  just 
as  a  scar,  while  it  represents  a  healed  wound,  is  nevertheless  a  per- 
manent anatomical  alteration. 

Pleuriiic  crackling  or  crepitation  consists  of  the  finest  friction 
sounds,  closely  simulating  the  crepitant  rale  of  pneumonia;  indeeil, 
as  pointed  out  in  describing  that  rale,  some  clinicians  assume  its 
pleuritic  origin  exclusively.  Its  dilTerentiation  has  l)ec?n  indicated, 
and  will  be  referred  to  further,  included  as  a  pleniral  sound,  in  the 
next  paragraph  but  one.  Here  should  be  mentioned  tlie  very  line, 
soft,  merest  ru,^tling  sometimes  heard  around  the  sides  and  l)ack  of 
the  base  of  the  chest  in  acute  miJianj  tiihrrrulosis,  tbe  sound  being 
produced  probably  by  the  rubbing  of  the  numerous  tiny  tubercles 
studding  the  pleural  membranes,  and  projecting  sligbtly  above  tbeir 
surfaces  (subpleural  friction). 

Conditions  other  than  simple  acute  j)lastic  pleuritis,  or  chronic 
pleuritis,  but  which  are  revealed  in  part  by  the  frieti^m  sounds  of 
the  accompanying  dry  pleuritis,  are  as  follows:  Consolidation  of  tbe 
lung  from  tuberculosis  or  pneumonitis  (alrea<ly  referred  to),  ptiru- 
monokonioais,  bronchiectasis  with  rearfire  pticuinonia,  pf/rinic  de- 
posits in  the  lungs,  infarction,  and  etnphj/srnui  (Vierordt).  Frietir)n 
sounds  of  a  distant  character  heard  at  the  base  of  the  ehest.  just 
below  the  lung  borders,  are  usually  significant  of  d'mpJn-aijuuitir  plm- 
ritis^  a  condition  very  painful,  often  alarming  in  its  imnu'diate  symp- 
toms, and  easily  overlooked  because  of  its  anatomic  [)roximity  to  sueli 
organs  as  the  heart,  liver,  and  stomach,  to  wjiieli  the  elinieal  mani- 
festations sc»em  more  commonly  and  read  11  v  refer;ihh\  Friction 
sounds  detected  at  the  base  of  the  right  lung  ])o>h'riorly,  or  in  the 
seventh,  eighth,  or  ninth  right  interspaces  anterolnternlly,  may  he  due 
to  a  perihepatitis  from  hepatic  abscess  or  cancer,  or  to  a  subdia- 
phragmatic (subphrenic)  abscess,  and  must  l)e  differentiated  and 
localized  carefully,  especially  when  affected  by  the  respiratory  rhythm, 
from  those  of  true  diaphragmatic  pleurisy. 

The  principal  points  of  differentiation  between  the  pleuritic  fric- 
tion sounds  and  the  bronchial  rales  it  is  important  to  apprehend, 
as  bronchitis  is  frequently  associateil  with  pleuritis.  They  may  he 
summarized  and  tabulated  as  below  (modified  after  Le  Fevre)  : 
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Not  gciif  rally  locuiined.  but  if 
ao,  they  are  a»«ociatt'd  with  figiis 
of  cotiKi] illation. 

TTsually  bilateral,  and  varia- 
lilc  m  tci  location,  front  or  back, 
abovo  or  below. 

Seldom  accompanied  by  paio. 

Various  qualities  of  dry  and 
itini:!t  rfiles,  i-emotc  from  ihe  aus- 
fuUating  ear,  and  unnffeeied  by 
external  preasure. 

Loeotinn,  loudness,  number, 
and  size  of  rales  variously  modi- 
lied  by  eougb  and  dwp  respira- 
tion. 

Hftle  sounds  are  v>Ty  rarely 
palpable. 


izod,  ^^T^ 


rieural 
Strictly  loc-nl 


Fnilaternl,  conslant,  aud  usu- 
ally at  the  base. 

Chararteristic  pain  frequent. 

DifTerenl  qualities,  but  all 
giving  impression  of  friction  or 
rubbing,  nuar  lo  the  ear,  and 
intensified  by  pre.'wuro  over  the 
pleuritic  area. 

Are  not  removed  or  pi^rrepti- 
bly  modified  by  cough;  may  be 
temporarily  dwreosod  or  abol- 
ished by  forced  respiration. 

The  friction  fromilus  fre- 
(|uently  accompanies  the  ausciil- 
tutcd  itouud. 


Tn  ecrlain  cases  of  difTui^e  bronchial  catarrh  associated  with  pleu- 
risy, with  harshness  of  the  respiratory  murmur  and  bronchial  rales, 
the  tircii inscribed  friction  soimds  existing  in  the  same  part  of  the 
clicst  may  l)c  (.letecled  only  with  the  greatest  difficulty,  unless  they 
happen  to  be  of  the  shuftling,  creaking,  or  rumbling  character.  Re- 
jtcated  auscultation,  however,  with  a  discriminating  consideration  of 
the  plienonicna  just  paralleled,  will  usually  serve  to  discover  the 
association. 

Again,  the  pleuritic  element  of  a  severe  case  of  pleuropneumonia 
may  go  unnoticed,  because  of  the  greatly  restricted  movement  of  the 
consnlidaled  lung,  and  consequent  lack  of  audible  friction  other  than 
some  pleuritic  crepitation,  perhaps. 

I'lniroprnrurdial  friction  denotes  the  sound  produced  by  the  rub- 
bing of  the  infliimed,  viscid  pleural  surface  of  the  lung  surrounding 
Ihe  heart  against  that  covering  the  pericardium.  The  rubbing  is 
geiienilly  beard  only  during  inspiration,  and  at  Ihe  time  of  the  car- 
diac systole;  but  if,  as  in  a  minority  of  cases,  it  is  faintly  audible 
during  expiration.  Ihe  sound  is  intcnsifu'd,  nevertheless,  during 
inspiration.     This  sound  must  not  be  contused  with  the  soft,  syn- 
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chronous  cardiorespiratory  murmur  {vide)  heard  in  some  normal 
individuals. 

METALLrc  Tinkling. — This  term  was  usihI  by  Laennec  to  desig- 
nate the  silvery,  fine,  resonant  metallic  sound  of  single  bursting  bub- 
bles, or  of  falling  drojrs  occurring  in  pneumothoracic  or  large  pul- 
monary cavities  partly  filled  with  air  and  ])artly  filled  with  fluid. 
The  tinkle  has  been  likened  to  the  sound  produeiMl  by  the  droj)ping 
of  water  in  a  cistern,  or  of  a  grain  of  sand  into  a  large,  hollow 
metallic  or  glass  globe.  The  intensity  is  slight,  but  distinct.  The 
pitch  of  the  tinkle  is  high,  but  one  may  perceive  occasionally  a  closely 
following  deeper  tone  of  resonance — a  sort  of  sccon<lary,  reverberat- 
ing wave.  As  to  rhythm,  metallic  tinkling  may  coincide  with  (Mther 
or  both  inspiration  and  expiration;  very  often  a  single  tinkle  is  heard 
with  each  phase  of  the  breathing,  it  may  be  heard  with  quiet  res[)i- 
ration,  or  it  may  be  developed  only  after  coughing. 

While  the  ccmditions  for  the  production  of  metallic  tinkle  are 
principally  those  found  in  hijilro-  or  pjiajmrinnnljinrax,  where  one 
hears  the  resonant  impact  of  a  drop  of  li(|uid  from  tin*  relaxed  or 
collapsed  lung,  with  its  exi)osc»d  cavity  or  bronchial  tube,  uj)on  the 
surface  of  the  liijuid  at  the  bottom  of  the  pleural  sac,  tlie  containe<l 
air  giving  the  metallic  consonance  to  the  soun<l,  this  physical  sign 
may  1)C  associated  with  such  other  signs  of  large  j)]ithisieal  eavities, 
thin-  and  tense-walled,  as  marked  ty iii])an it ie  souiul  on  percussion, 
and  am}»horic  breathing.  In  some  cases  it  is  ])rohahle  that  the  tinkle 
is  the  result  of  the  bursting  of  line,  mueli-inllatcd  moist  rales  in  the 
tissues  surrounding  a  cavity,  the  air-chamber  of  which  acts  as  a 
resonator. 

Finally,  it  should  be  noted  that  a  metallic  tinkling  scmnd  is  Mnn<'- 
times  heard  nonnalUj  over  the  dome  of  a  gas-  c)r  air-inllated  stomach 
containing  liquid,  especially  in  the  left  lower  regions  of  the  dust, 
anterolateral  ly. 

Succrssiox  OR  Splashing  Sound. — That  this  mav  be  heard  over 
the  stomach  is  a  common  observation,  and  that  it  mav  not  be  mis- 
taken  for  a  splashing  sound  pnxluced  in  the  left  pleural  sac  needs 
but  to  be  mentioned.  Its  recognition  is  easy  when  the  conditions 
of  its  occurrence  obtain;  these  are,  the  simultaneous  ])resence  of  air 
and  liquid  in  the  pleural  cavity — that  is,  a  pyo-  or  hi/drupnriimn- 
thorax.  The  splash  may  be  heard  sometimes  by  the  patient,  and 
felt  also,  when  the  body  is  given  a  sharj)  shake  sidcwise.  I'he  ])hysi- 
cian  may  shake  the  patient\s  trunk  gently  himself  while  auscultating 
the  chesty  or  the  sound  may  be  heard  at  a  distance  of  several  feet 
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while  the  patient  agitates  the  fluid  by  a  bodily  jerk.  Very  rawly 
the  sign  luay  bu  dne  to  the  existence  of  an  enormous  pulinoMrr 
excavation.  Hhythuiic  (cHrdiae)  splashing  sounds  may  also  \k 
beard  occasionally  after  certain  stah  wounds,  because  of  the  present* 
of  air  and  liquid  in  the  pericardial  aac  (pneuniohydropericardium). 

The  pitch  and  intensity  (aside  from  the  effect  of  the  violenwi 
of  the  agitation  upon  tlie  latter)  of  the  sureussion  sound  depend 
upon  the  density  of  the  liquid  and  the  proportional  quantities  of 
liquid  anil  air  present,  just  as  sueh  changes  may  he  porreivetl  on 
shaking  a  det^anter  or  juj;  partly  filled  with  air  and  fluid,  lt"i« 
iitiportant  to  remembtT  that  splashing  sounds  do  not  occur  in  ordi- 
nary pleuritic  elfueion  or  hydrothorax  because  of  the  absence  of  air. 
Metallic  tinkling  may  be  an  associateil  phciiomeuoD. 

The  disoppcarancL'  of  the  succussion  splash  in  a  given  case  may 
indicate  one  of  several  things:  (n)  Thickness  and  proportional  ei- 
cuss  of  a  purulent  exudate — as  was  inentinned  by  Uippocrates  in  de- 
wribing  this  sign  (Hippocratic  Succussion) ;  (t)  the  incR-aee  of 
the  pleuritic  exudation  liisjilacing  the  air;  (r)  the  ciicysling  unij 
circumscribing  of  the  pyupneumo thorax  by  the  formation  of 
adheeione. 

Wateb-Whistlino,  or  TirB  LcNo-FiBTULA  Sound, — According 
to  ITiiverricht.  who  first  observed  this  sipn  wbilo  puncturing  and 
aspirating  a  ease  of  hydro  pneumothorax,  this  consists  of  a  fine 
metallic  gurgling,  bubbling,  or  splashing  sound,  heard  in  cases  of 
open  pneumothorax  wliere  the  opening  in  the  pleura  is  directly  be- 
low the  surface  of  the  liquid.  The  sound  may  be  simulated  some- 
what by  the  blowing  of  bubbles,  or  in  gargling  the  throat.  Its  occur- 
rence and  persistence  depend  upon  the  position  of  the  patient,  and 
the  increase  or  diminution  in  the  quantity  of  fluid. 

Vkilkh  PrFK. — TJiis  is  a  short,  hollow,  puffing  or  whiffing  sound, 
sometimes  high-pi  tolled,  occasionally  audible  over,  and  thus  diagnos- 
tic of,  small  saccidated  bronchiectatic  cavities;  it  is  heard  at  the 
ending  of  the  inspiratorj-  murmur. 

IVsT-'i'issivK  SucTiox  SovKD.- — Corwiu  describes  this  as  a  "  suck- 
ing or  someliuies  seinisonorous  sound,  which  has  been  heard  after 
cough,  in  case  of  cavity  with  yielding  walls  and  an  opening  into  a 
bronchus,  li  occurs  with  the  inspiratory  entrance  into  the  cavity 
of  air  which  has  been  driven  out  hv  compression  in  the  act  of 
coughitig." 

Indeterminate  Rales. — Besides  the  various  dry  rhonchi,  moi.st 
rales,  and  friction  and   other  pleural   sounds,  there  occur  at  times 
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certain  adventitious  sounds  which,  because  of  their  indefinite,  ol)- 
scure,  irregular  characteristics,  must  be  classed  under  the  (rollective 
term,  indeterminate  rales.  Skoda  so  designated  that  group  of  me- 
dium-sized and  coarse  rales  indicative  of  the  presence  of  fluid  in  some 
of  the  larger  air-passages,  but  not  of  tlie  pormeability  of  the  adja- 
cent or  surrounding  lung  tissue;  that  is,  these  rales,  considertxl  by 
themselves,  signified  a  bronchial  catarrh;  but  as  to  whether  this  was 
primary  and  simple,  or  secondary  and  complicated  by  parenchymal 
consolidation  or  excavation,  was  indeterniinate. 

More  j)articularly,  to-day  these  indefinite;  sounds  include  all 
crumpling,  fine  rrncl'Ung,  soft  rumhlinfj  sounds,  nioi>t  or  dry,  in- 
spiratory or  expiratory,  or  both,  which  may  be  of  doubtful  origin  or 
mode  of  production  or  conduction. 

Thev  are  not  necessarilv  abnormal,  or  alwavs  referable  to  the 
respiratory  organs.  On  the  contrary,  they  may  lu^  really  muscular 
or  integumental  sounds  in  a  healthy-lungiHl  individual.  Kor  instance, 
sounds  generated  by  the  movements  of  the  thoracic  framework  in 
deep  breathing  may  simulate  intrathoracic  rfdes.  In  very  old  ptM)ple 
we  sometimes  hear  creaking  cartilaginous  sounds  (dryness?)  that 
may  imitate  quite  closely  the  creaking  pleuritic  friction  sound. 
Again,  as  note*!  by  Walshe,  the  fine  crepitus  of  a  broken  rib  may 
be  mistaken  for  the  crepitant  rfde  of  a  jmeunioiiia.  A  moist  rhou- 
choid  sound,  or  pseudo-friction  noise,  may  also  result  from  tlie  ])res- 
ence  of  a  dropsical  serum  in  the  cliest  walls.  Tin;  imitati(m  may  be 
detec*tcd  by  pressing  aside  the  fluid  willi  a  stelh<)scoj)c ;  by  its  cxi>t- 
ing  in  the  abdominal  as  well  as  the  thoracii!  walls;  hy  its  limitation 
to  edematous  portions,  and  the  fact  that  it  is  not  synchronous  with 
the  respiratory  movements. 

Probably  the  most  distinctive  of  the  so-called  indeterminate  rales, 
however,  are  the  crumpling  or  soft  rubbing  sounds  heard  at  the  end 
of  inspiration  in  emphysema,  es])ecially  the  iiitcrlohular  variety,  '^fhe 
dull,  soft  crackle  has  lxK.»n  likened  to  that  j)roduce(l  in  bending  ])arch- 
ment  to  and  fro. 

Crepitations  are  sometimes  heard,  variable  a>  to  dryness,  large- 
ness, abundance,  and  rhvthm,  over  the  sternum,  durinLj  forced 
respiration  only.  They  may  be  pbysiologie,  due  to  the  sudden 
dilation  of  the  marginal  lung  vesicles  or  to  line  mediastinal 
adhesions. 

The  muscle  sounds  arising  from  the  const raine»l  pi^^tunj  of  the 
patient,  or  when  the  breath  is  held,  liave  been  referred  to  ]>reviously 
as  imitative  of  intrathoracic  rales. 
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(C)   The   Vocal  R'^svnancf 

The  ausniltation  of  the  voice  is  much  less  important  and  useful 
than  of  the  hreath  am)  adventitious  Bounda,  aiid  to  many  physicians 
whose  sense  of  touch  has  l>een  at  all  well  trained  in  palpntion,  the 
changes  in  vocal  fremitus  are  felt  with  kt-ener  perception  and  surer 
judgment  as  to  llie  underlying  physical  conditions  than  are  those 
of  llie  vocal  resonance.  The  signs  of  tlie  lattiT  are  more  uncertain, 
confusing,  and  obscure,  and  yet  they  may  have  occasioofllly  decided 
auxiliary  clinical  significalion.  There  is  much  room  for  a  more  ei- 
tended  and  discriminating  study  and  analysis,  and  more  frequent 
and  patient  practise  of  this  method  of  auscultation. 

Just  as  in  the  palpation  of  the  vocal  fremitus,  so  ia  the  auscul- 
tation of  the  whispered  or  spoken  voice,  for  the  purpose  of  obtaining 
information  a^  to  the  condition  of  the  lungs  and  pleune,  the  basis 
of  Ihe  procedure  is  found  in  the  fact  that  the  glottic  vibrations  are 
transmitted  downward  through  the  respiratory  tract  as  well  as  up- 
ward through  the  mouth,  and  that  they  are  audibly  as  well  as  pal- 
pably conducted  through  the  chest  wall. 

Consequently,  also,  the  degrees  of  audibleness  and  cbaracler  of 
the  vocal  resonance  are  affected  similarly  to  the  vocal  fremitus  by 
the  fl.Tnie  pliy-ienl  eondilions  nnd  changes  precisely. 

The  same  guiding  rules  for  auscultating  the  breath  sounds  are 
applicable  here.  That  is,  in  brief,  whether  practising  immediate  or 
stcthoscopic  auscultation,  the  method  of  rigidly  comparing  corre- 
sponding parts  on  both  sides  of  the  thorax  should  be  adhered  to. 
The  ear  and  stethoscope  should  not  be  applied  too  lightly,  to  avoid 
a  tremulous  character  of  the  resonance;  nor,  on  the  other  hand,  too 
heavily,  that  its  real  and  full  volume  and  distinctness  may  not  be 
artificially  diminished.  It  is  essential  to  have  the  patient  repeat 
monotonously  and  evenly  the  same  word  or  syllable,  maintain- 
ing the  same  tone,  intensity,  and  pitch  of  voice,  while  different 
regions  of  the  cJiest  are  being  examined,  so  as  to  insure  uniform- 
ity of  results,  as  in  the  performance  of  palpation  of  the  vocal 
f  rem  it  us. 

Normal  Voice  Sounds. — There  are  several  varieties  of  vocal  or 
whispered  resonance,  namctl  after  their  regions  of  production  in 
health.  Tlius,  wlien  wo  place  a  stethoscope  over  the  larynx  or  trachea 
while  tlic  person  speaks  or  whispers,  wc  hear  the  norual  lartn- 
(iOPnoNY  or  THACiiKOPHONY.  When  tlie  patient  utters  "nine,  nine, 
nine"  or  "one,   one,  one,"   with   the  natural  speaking  voice,   the 
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sounds  are  transmitted  to  the  ear  of  the  auscultator  with  marked 
intensity  and  concentration  of  force,  although  the  words  are  not 
perfectly  articulated.  In  persons  of  loud  and  grave  voice,  the  vibra- 
tions may  be  almost  painful  to  the  examiner's  ear.  At  the  upper 
part  of  the  sternum,  over  the  main  l)ronchi,  nearly  as  far  as  the  para- 
sternal lines  in  the  infraclavicular  spaces,  and  in  the  upfwr  part  of 
the  interscapular  region,  especially  to  the  right  of  the  vertebral  col- 
umn, the  vocal  sound  is  less  intense  and  more  confused,  so  that  it 
is  rarely  possible  to  identify  the  articulate  words  when  the  free  ear  is 
closed.  This  is  the  normal  BHOxriioriroNY.  It  corresiMnids  with 
the  bronchial  breath  sound,  and  wlicrever  bronchial  breathing  occurs 
pathologically  bronchophony  is  similarly  associated.  The  sound  docs 
not  seem  to  smite  so  directly  upon  the  car,  being  nion*  dilfused 
because  of  its  greater  distance  from  the  glottis,  and  the  conscijucnt 
diminution  of  intensitv  from  the  interference  of  more  retlected,  re- 
verberating  sound-waves.  The  transmission  of  the  laryngeal,  tracheal, 
and  bronchial  vocal  sounds  is  accompanied  by  a  f  re  mi  fun  or  thrill 
perceptible  to  the  examiner's  ear,  a  sign  which  is  absent  when  the 
whispered  voice  is  listened  to. 

The  normal  laryngeal,  tracheal,  and  bronchial  whij^prr  (whisper 
bronchophony)  is  heard  with  a  regional  intensity  analogous  to  that 
of  the  spoken  voice.  The  whispered  voice  sounds  like,  as  in  fact  it  is, 
an  exaggerated  or  bronchial  ex])iratory  brent li  sound  interrupted  by 
the  speech  consonants.  They  are  of  a  tubal.  bigb-j)itclied  ebarncter, 
minus  any  frctniius  conveved  to  the  ear.     In  verv  weak,  exhausted 

ft'      f  ft*  • 

patients  it  is  sometimes  easier  to  elicit  the  wliisj)ered  vole*'  than  dee|) 
rc*spi rat  ions. 

The  NORMAL  WHISPERED  RESoxAXCi:  is  ln»nrd  over  ili(»  lungs  as 
a  soft,  indistinct,  low-pitched,  whiffing  soun<l  eorresjxmding  to  the 
articulations  at  the  larvnx.  It  must  be  noted,  jiowever,  iliat  in  verv 
many  normal  chests  the  whispered  voici-  is  not  lieard  over  tlie  lung, 
except  quite  close  to  the  bronchi.  Wlu-revrr  broneliial  breatbing 
occurs  pathologically,  the  extent  and  degree  of  the  underlying  ])bys- 
ical  changes  will  be  indicattnl  also  in  the  degrees  of  clearness  and 
intensity  of  the  bronchial  whisper. 

Normal  Vocal  Resonance. — Considering,  now,  tbe  spoken  voice 
as  heard  over  the  lungs,  the  ear,  directly  aj^plied  to  the  chest  or 
aided  by  the  stethoscope,  detects  an  inarticulate  buzzing  or  humming 
of  slight  intensity  and  low  pitch,  occurring  in  barely  perceptible  waves 
of  slightly  greater  intensity  synchronous  with  the  begiiming  of  enun- 
ciation of  the  words  uttered. 
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NORUAL  VaIIIATIONB  OF  THE  VOCAL  ASD  WlIlSPBBED  BeS0:(A31CK. 

— Altogpther  iiidi'iH'mleiit  of  diseaso,  the  tjuolitj  nnd  intpnsity  of  the 
whi«pei'cil  and  spoken  voire  may  he  modified  by  perfectly  natural 
cniidilions.  Tn  the  very  old,  for  instance,  it  is  louder  than  in  younp 
(liildroii,  partly  Ijocaiise  of  the  louder,  graver-pitclied  tones  of  ihi' 
voice  and  partly,  no  doulit,  l«!caui«>  of  the  "  wasting  of  the  pulmonary 
parenchyma  and  the  thickening  and  hardening  of  the  bronchi  in  old  , 
ag«  " ;  and  ia,  at  the  same  time,  somewhat  of  a  tremulous  or  bleating 
quality.  It  is  leasened  in  strength  in  women  also,  for  evident  reasons, 
and  in  them  and  in  children  is  distinct  only  over  the  upper  half  if 
the  chest. 

The  intensity  over  the  whole  chest  is  greater  in  those  who  have 
thin  tliitn  in  lho6«  who  havu  fat  or  muscular,  thick  walU.  It  i« 
slningtT  ill  front  than  Ijehind.  except  in  the  interscapular  region;  in 
tho  infraclaviciiiar  regions  than  below,  and  on  tlie  right  than  on  the 
ioft  siide.  Bt«anso  of  the  liksl-uumcd  fact — which  is  in  harmony  with 
the  slightly  greater  vocal  fremitus  on  the  right  side — the  significHmt' 
of  an  exaggerated  vocal  resonance  on  that  side  has  less  definite  and 
docidi^  diagnostic  value  than  a  similar  change  on  the  left  side.  In- 
deed, the  same  regional  variations  of  intensity  hold  with  respect  lo 
the  rocal  resonance  as  with  the  vocal  (tactile)  fremitus  and  the  hreath 
siJiiiids.  ITcucc  tlic  inipnrtiinci'  of  avoiding  hastily  drawn  concliisimis 
from  the  state  of  the  vocal  resonance  in  any  one  portion  of  the  chest; 
on  the  contrary,  only  hy  the  comparison  of  corresponding  parts  on 
the  two  sides,  after  allowing  for  natural  physical  differences,  may  we 
c\])c<'t  to  infer  snfdy  and  significantly  by  this  method  of  ex- 
amination. 

Voeal  Resonance  and  Whispered  Voice  ia  Disease. — The  modifica- 
tinns  met  with  due  to  pulmonary  affections  are  essentially  those  of 
intensity.  The  hitter  clement  may  he  slightly  increased;  it  may  be 
mntlcnitcly  or  mjirkmlly  increasal  {bronchophony,  pectoriloquy);  it 
niay  be  decideill}'  incrcnsi'd,  with  accompanying  alterations  of  quality 
(egophij)iy,  amph'jric  vmcc) ;  it  may  he  diminished  or  suppressed. 

Tioth  llic  spoken  and  whispered  voice  arc  similarly  affected  by  the 
siinu*  patholofjic  conditions,  as  is  the  palpable  fremitus,  and  may  there- 
fore lie  considered  together.  Xevcrtheless,  at  the  beginning  it  should 
be  notcil  that  alterations  of  tho  whispered  voice  more  often  yield 
delicate  and  precise  results  than  do  those  of  the  loudly  spoken.'    The 

'  In  the  rhr(ini<-  bmtichilis  .issociated  whh  senile  emphysema  and  fibroid 
phtliisi.s.  I  luxvo  fiiimd  llip  whisper  to  elicit  viscid  mucous  rSlea  that  were  in- 
audible by  (be  ii.sual  respiratory  efforts  and  testa. 
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reagion  for  this  is  clear  when  we  apprehend  the  fact  that,  the  articu- 
lating voice  being  j)roduc(Hl  in  the  mouth  in  its  passage  downward 
through  tlie  respiratory  tract  to  the  tlioracic  walls,  it  has  to  *'  jiass 
through  the  glottis,  where  the  approximated  vibrating  cords  may  he 
supposed  to  offer  a  formidable  obstacle  to  the  transmission  downward 
of  the  spoken  words"  (Steell).  In  the  case  of  the  whispered  voice, 
therefore,  which  consists  merely  of  an  interrupted  (the  words),  exag- 
gerated expirator}'  murmur,  there  is  no  glottic  closure  or  vibration  to 
interfere  with  its  downward  transmission  and  readv  conduction  to  the 
chest  wall  through  intensifying  areas  of  disease. 

(1)  Exagoeratp:i)  Whispkr  ou  Vocal  Hksoxaxck. — This  ditfers 
from  the  normal  onlv  in  a  sli<^ht  increase  of  intensitv.  It  occurs 
over  stnall  or  partial  ronsolida lions  of  the  lung,  and  is  thus  a  useful 
sign  chiefly  in  the  diagnosis  of  iabcrntlosis,  a>sociat(Ml  with  broncho- 
vesicular  breathing.  In  addition  to  the  simple  exaggeration  of  loud- 
ness, the  voice  may  sometimes  seem  to  couie  from  a  i)art  of  tin*  lung 
near  to  the  auscultators  ear.  In  such  ca>es  there  mav  l)e  an  alv])ical 
unchangeil,  or  even  diminished,  vocal  fremitus.  This  may  l)e  noted 
in  certain  cases  of  pleuritis  with  moderate,  superficial  consolidation 
of  the  adjacent  lung  underneath.  The  whis])ered  voice  is  es])ecially 
delicate  in  the  discovcrv  of  small  consolidations,  witliout  dilinite 
bronchial  respiration  or  increase  of  the  tactih^  fremitus. 

(2)  BRONCFriAL  Whispeu  and  Rkonciiojmionv. — Whenever  the 
normal  or  a  simple  exaggerated  whisper  or  vocal  ri'>onance  is  aug- 
mented to  a  degree  that  is  heard  normally  over  the  trachea  and  ])ri- 
niary  bronchi,  it  indicates,  over  the  lung,  that  consoHdntinn  of  ih<* 
vesicles  has  occurred  to  a  considerable  extent,  u-ually  a>  in  ihuk- 
monia.  Associated  with  it  is  bronchial  re>|)iration  and  increased  vocal 
fremitus  on  palpation.  Bronchoi)hony  may  he  elicited  also  over  large, 
complete  tuberculona  condenmtions  of  the  lung,  over  rrlrach'il  (hkJ 
compressed  lung  above  pleural  effusions,  over  cur i firs  surrounded  hij 
solidified  lissuCy  and  bronchial  dilations  irilh  thirkcnrd  iralls^  and 
.sometimes  in  marked  senile  empln/scnia.  The  al)scnc(^  of  increased 
whispered  or  spoken  voice  in  undoubted  cases  of  lobar  pneumonitis 
in  the  second  stage  indicates  either  that  the  bronchus  leading  to  the 
consolidated  area  is  occluded  by  exudate,  or  that  a  larg*^  ])leuritie 
exudate  (pleuropneumonia)  intervenes  to  nullify  the  increased  con- 
ductivity of  the  consolidated  area. 

The  bronchophonous  voice  and  whisper  are  respectively  and  rela- 
tively not  only  louder  and  more  concentrated,  but  numifest  a  vibrating 
or  wavy  quality  approaching  the  actual  articulation  of  the  syllables 
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or  worda  used  iiislead  of  the  indistiact,  iiniuotooons  hummiiis:  «if  ilie 
nornial  vesicular  sounds. 

(.1)    Pkutouiloquy;  Wiiibper   PECTOBiunicr. — Ae  the  douhU- 
durivi^  tunii  siiggi-sts — cheet  speech — we  havi!  hire  n  dt^pe  of  ii!ii>- 
(j('r  or  voice  intensity,  with  arliculati-  words  nudible.  as  if  tbi-  jiatjeui 
wore  speaking  with  his  lips  din-clly  beneath  the  listener's  ear.    It  i. 
n   puthiiliigic  larj-iigophony,  or  an  exaf!g«riit<>d  brotielmpliony,    TV 
whispered  pectorilotjuy  is  cyan  more  striking  or  startling  th«n  thr 
spoken.     The  words  should  he  uttered  slowly.     In  a  l«rgi>  majoril; 
of  eases  the  presence  of  this  sign  jwint*  to  »  fair-  or  larj^'-siBil 
cavity  of  the  lung,  especially  one  in  free  coraiminicalion  with  a  bmn- 
ehu!'  ami  in  olose  approximation  la  the  chest  wall.     The  area  of  pif- 
toriloiiuy  la  sharply  defined,  as  a  rule.    Tlie  loudly  transmitted  words 
have  a  hollow,  cawrnous  quality.    However,  pectoriloquy  may  he  »if 
nifii'ant  also  of  Inri/c,  di^me  ciinsolidations  gtirrounding  bronchi,  ami 
thus  acting  as  unusually  good  eonduclors  of  sound  to  the  che<(t  w<!L 
Iloro  the  pitch  of  the  whispered  or  spoken  voice  is  higher  than  over 
tJie  pulmonary  excavations.    Other  less  frequent  causes  of  pecumlo- 
quy  are  coHapaed  Ivng  from  plnirilic  effusion,  a  tumor  between  Um 
lung  and  Iho  tlioracie  wall,  pressing  upon  a  bronchus,  and  an  open, 
nrcfimgrrihed  pnaumothorax,  coramnnicatin^  freely  and  directly  with 
a  lart;c  bronchus. 

(4)  Kdoi'iiONT. — A  sign  of  vocal  resonance,  to  which  Laennec  al- 
tachiHl  s]HtiaI  importance  in  his  "Traits  de  1' Auscultation  Mediate.'" 
It  is  at  once  an  intensification — a  little  less  than  broncho phonouj 
louihu'ss — and  a  peculiar  change  in  the  quality  of  the  voice  trans- 
Tiiissio[i.  This  has  a  distant,  nasal,  tremulous,  bleating  character— 
fjonl  \oic'e.  The  locality  of  the  sign  is  limited  usually  to  the  region 
at  till'  k'vol  of  the  anfjle  of  the  scapula.  It  is  most  frequently  heard 
in  wiiiiirtion  with  modrralc-sized  pleuritic  effusions,  although  not  in- 
vaiiaMy  .-io,  since,  as  originally  held  by  Laennec,  partial  adhesion  of 
tbi'  liiu<;  to  the  chest  wall  may  be  associated,  and  in  some  cases  there 
iiuiy  ho  snIiilifuHl  lung  Iwncalh  a  thin  layer  of  fluid.  The  egophonv 
is  Ih'sI  liearil  just  below  the  upper  border  of  percussion  dulness,  and 
ofti'U  I'linveys  tiie  impression  that  the  fundamental  tones  of  the  voice 
are  iiiiereeptiHl.  tlic  shriller,  high-pitched  overtones  remaining  near 
till-  surfiue  lis  a  sort  of  quivering  echo  of  the  others.  The  sign  is  not 
111  all  ;i  c'umiuin  one  of  moderate  pleuritic  effusions,  nor  is  it  neces- 
sarily iil«a_\s  iiiiliciitive  of  them,  a#  it  is  claimed  to  have  been  heard 
ill  lonniriitm  with  consolidations  of  the  lung  withont  accompanying 
eirusioii.     The  nasal  twang  timbre  of  euphony  has  been  attributed 
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to  the  partial  flattening  of  the  bronchi  from  compression  by  the  fluid. 
This  view  is  favored  on  account  of  the  fact  that  the  sign  is  absent 
in  small  effusions  (no  compression),  and  lasts  seldom  more  than 
from  five  to  seven  days  because  of  such  an  increase  in  the  amount 
of  liquid  as  to  obliterate  the  lumina  of  the  tubes. 

(5)  Amphoric  Voice. — This  is  tlie  vocal  analog  of  the  amphoric 
breath  sound  and  amphoric  resonance  heard  over  large,  tense-walled, 
communicating  cavities  in  the  lung  or  open  pneumothorax.  The  voice 
has  a  ringing,  metallic  or  musical  tone,  of  variable  intensity  and 
pitch,  superadded  to  the  usual  hollow  character,  which  may  he  simu- 
lated by  speaking  into  an  empty  pitcher  or  jar.  In  some  cases  the 
words,  instead  of  being  loud  and  blurred,  may  l)e  as  articulate  as  in 
pectoriloquy. 

(6)  DiMixisHED  OR  Absent  Vocal  Resonanck. — The  same 
pathologic  physical  conditions  which  cause  the  palpable  vocal  fremi- 
tus to  be  diminished  or  checked  likewise  so  alfect  the  audible  vocal 
resonance.  Thus,  we  find  the  latter  of  weakened  intensitv  in  bron- 
chitis  whenever  there  is  much  secretion.  It  is  enfeebled,  also,  in 
emphysema;  in  acute  plastic  or  chronic  pleuritic  icilh  thickening  of 
the  membranes;  sometimes  in  fibroid  phthisis  with  thickened  pleura; 
and,  when  occurring  persistently  all  over  one  lung,  other  causes  being 
excluded,  may  signify  obstruction  of  the  supplying  bronchus  by  an 
ancurismaJ  or  malignant  tumor.  Fiiuilly,  it  may  be  noted  during  the 
progress  of  dilating  pleural  conditions  which  sooner  or  later  totally 
suppress  the  voice  transmission. 

Absence  of  vocal  resonance  is  met  with  in  total  occlusion  of 
bronchi,  as  in  the  "  meissive  pneumonia'*;  also  in  cases  of  pleural 
effusion  of  large  amount,  whether  of  air  (pneumothorax),  ])us  (pyo- 
thorax),  serum  (hydrothorax),  or  blood  (hemotliorax)  :  they  all  act 
as  insulators,  interfering  with  the  conduction  of  voice  vibrations  to 
the  chest  surface.  Very  thick,  old,  dense  pleurie  may  likewise  annul 
the  vocal  transmission. 

Baccelli's  Sign. — This  is  the  use  of  the  whispered  voice,  to  differ- 
entiate a  serous  from  a  purulent  pleural  effusion.  The  conditions  are 
not  always  favorable,  nor  is  the  observation,  therefore,  conclusive  or 
reliable  in  all  cases  that  the  transmitted  whispered  voice  is  charac- 
teristic of  serous,  and  the  non-transmitted  voice  of  purulent,  effusion 
(empyema).  For  example,  the  whispered  voice  may  be  totally  sup- 
pressed in  very  large  serous  exudations;  and,  on  the  other  hand,  in 
certain  cases  of  small,  recent  collections  of  pus  in  the  pleural  sac, 

the  voice  conduction  is  not  completely  abolished. 
15 
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AHifnal  Vocal  Renonnncf ;  Phgaphonia. — A  method  devised  by 
Soherwald  whenever,  for  diagnoetic  and  therapeutic  reasons,  it  isu 
perativc  to  simulate  the  voice  sounds.  Thia  emergency  may  arise  in 
jiersons  who  are  constantly  dumb  (aphonic),  or  unconscious,  or  a- 
haunted,  or  whom,  as  in  pulmonary  hemorrhage  (hemoptysis),  it  is 
inadvisable  to  have  speak.  The  procedure  consists  in  practising  ham- 
in  er-pl  ex  i  meter  percussion  over  the  thyroid  cartilage  of  the  larynx  or 
the  upper  trachea.  The  tapping  should  be  gentle,  with  the  patient'* 
mouth  closetl.  While  this  is  being  done  by  an  assistant,  we  auseultiie 
the  artificial  vocal  vibrations,  as  it  were,  thus  set  up,  preferably  during 
expiration.  The  sounds  produced  by  these  blows  obey  the  same  taws 
of  Imnsmission,  exaggeration,  lessening,  and  suppression,  according 
to  the  physical  conditions  and  changes  within  the  thoras,  as  widi 
the  capable,  conscious,  adnplable  phonation. 


(U)   AuscuUalion   of  the  Cough:  Tuxsire  Rexommc. 


^ 


Cough,  in  itself,  is  an  objective  symptom,  but  becomes  a  physicil 
sign  when  auscultated  in  relation  to  the  phenomena  which  it  develops 
or  modifies  within  the  chest.  It  has  much  less  value  and  reliability, 
however,  than  the  vocal  resonance.  It  is  less  convenient  and  more 
dilficult  to  observe  the  efTeds  of  cnu<rh  as  a  simple  iimticr  of  technic, 
owing  to  the  agitation  and  movements  of  the  patient's  body.  The 
latter  should  be  held  as  firmly  as  necessary  during  immediate  auscul- 
tation. The  chest  piece  of  the  stethoscope  should  also  be  watched 
carefully  during  the  act,  so  as  to  avoid  friction  and  other  estrane- 
ous  sounds. 

The  character  and  intensity  of  the  cough  resonance  varies,  ceteris 
jiarihus,  according  to  the  same  physical  conditions  and  laws  that  the 
vocal  resonance  does. 

In  a  heallhij  individual,  while  in  the  act  of  forced  coughing,  the 
laryngeal  or  tracheal  sound,  as  heard  with  the  stethoscope,  is  rather 
hollow,  and  of  a  pitch  and  intensity  varying  with  the  person's  vocal 
gravity  and  strength.  Over  the  pulmonary  regions  the  act  is  attended 
with  a  quick,  short,  dull,  indistinct,  and  diffused  sound,  without 
hollow  or  tubular  character,  or  accompanied  by  any  sensation  of 
fremitus  or  succussion  within  the  thorax.  The  external,  sudden, 
expiratory  jarring  movement  of  the  chest  is,  of  course,  quite 
obvious. 

In  dhcasc,  the  modifications  of  tlie  tussive  resonance  are  termed — 
now  familiarly — dri/  or  moist,  bronchial,  cavernous,  amphoric. 
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The  resonance  of  the  dry  cough  is  harsh,  hacking,  or  brassy,  or 
like  a  distant  *'  barking."  The  moist  sound  is  greatly  modified 
by  the  character  and  location  of  the  admixed  rales.  With  the 
stethoscope,  a  hissing  sound  is  heard  to  accompany  nearly  every 
cough. 

The  harsh,  concentrated  bronchial  cough  resonance  of  consolida- 
tion; the  hollow,  "sepulchral/'  sometimes  gurgling  of  certain  pul- 
monary cavities,  and  the  loud,  metallic,  revorI)erating  resonance  over 
certain  other  canty  conditions,  all  associated  with  sensation  of  thrill 
or  fremitus  from  the  interior,  may  readily  be  understood  as  men- 
tioned. The  irritative  cough  of  pleurisy  with  moderate  elTusion  may 
also  have  an  egophonic  resonance. 

Mere  mention  ma}'  be  made  again  here  of  the  |)ost-tussivc  suction, 
or  "  india-rubber-ball ''  sound  heard  with  the  first  inspiration  after  a 
cough,  suggestive  of  cavity  with  soft,  yielding  walls,  especially  when 
accompaniiH:!  with  mucous  clicks  and  moist  rales. 

In  conclusion,  reiteration  of  the  service  of  cough  as  an  adjuvant 
to  auscultation  may  l)e  made.  That  is,  to  sunnnarizr,  after  reju'ated 
coughing  inspiration  is  deeper  and  the  res])iratory  murmur  louder; 
mucous  obstruction  of  the  bronchi  is  remove<l,  so  that  previously 
indeterminate  breathing  becomes  more  distinet  and  delinite,  vesieular 
or  bronchial,  as  the  case  may  be;  rales  are  elieiled,  intensified,  shifted, 
numerically  increased  or  diminished,  (jualilied. 


EXPLORATORY    PUNCTURE   OF   THE    PLEURA 

(THORACENTESIS) 

Supplementary,  and  yet  not  infrequently  neee>sary  and  valuahle 
in  the  direct  physical  diagnosis  of  pleural  eirusion.  and  its  differential 
diagnosis  from  other  conditions,  is  the  ])rocedur(>  (•f)niinonly  known  as 
exploratory  puncture  of  the  pleura.  Tender  striet  aseptic  j)nvautions, 
the  attached  needle  of  a  hypodermic  syrin«z<\  or  the  sniall-ealilnMvd 
trocar  and  canula  of  an  aspirator,  is  ])lunged  v(>rtieally  into  an 
interspace — usually  the  seventh,  in  the  midaxillary  line — (^lose  to  the 
upper  border  of  the  lower  bounding  rib,  so  as  to  avoid  the  intercostal 
vessels.  If  the  point  be  immersed  in  fluid,  the  withdrawal  of  the 
piston  or  aspirator  will  be  followed  by  an  immediate  rush  of  the 
effusion  into  the  barrel  of  the  syringe  or  into  the  aspirator  l)ottle. 
The  negative  value  of  a  "  dry  tap  "  depends  upon  the  length  of  the 
hypodermic  needle,  if  that  be  used,  as  in  certain  cases  of  old,  greatly 
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thickened  pleura  its  point  may  not  penetrate  to  the  liijuid  wilhin. 
Again,  tlie  exudate  may  be  so  thick  and  flaky  as  to  olose  the  explora- 
tory needle.  Of  eourw.',  in  acuto  or  clironie  pneimionia,  merely  ihid- 
enod  pk'urn,  or  lutiiorn  of  tlie  cheat,  the  syringe  draws  nothing,  per- 
haps, hilt  u  di-op  of  blood. 

When  the  differential  diagnosU  can  be  made  unniistakably  by  tbe 
usual  methodi;  of  physical  exploration,  it  may  ncvertlirlcss  I*  im- 
portant to  practise  thoracentesis,  in  order  to  determitifi  tkr  nature  ef 
Ike  liquid,  by  the  niicroscopie,  cheniic,  and  tinctorial  and  cultunl 
methods  described  in  works  on  clinical  or  laboratory'  diagnosis.  Tlius 
the  histologic,  chcmic,  and  hacteriologic  eonstitucnls  aro  ascenaiacd. 


COMBINATION    OF    THE    PHYSICAL    SIGNS:    THEIR        ] 
ASSOCIATED    SIGNIFICANCE 

It  must  be  cvideiil  t-i  llw  .-ludciil  of  liie  preceding  pages  thai  any 
comprehensive  ami  accurate  diagnosis  of  the  physical  conditions  and 
changes  of  diseased  lungs  cannot  depend  upon  the  results  of  hut  one 
method  of  exaraination,  still  less  upon  any  single,  isolated  phyeical 
sign.  Rather,  one  must,  at!  it  were,  "  strike  a  balance "  of  prepon- 
dernting  evidence  f!iV{'raij]e  tu  u  plivf^ical  diagnosis,  husctl  upon  n 
careful  comparison  of  all  of  the  signs  perceived  by  means  of  all  of  the 
victhodn  usetl.  This  embraces,  in  other  words,  the  searching  analysis 
of  the  relative  value  and  significance  of  the  combined  physical  signs, 
and  of  the  metliods  by  which  they  are  derived,  respectively,  in  con- 
nection tlierowitli ;  and,  further,  a  rational,  judicious  synthesis  of  these 
separate  deductiims  into  a  positive  or  probable  and  harmonious  whole; 
this  conclusion  is  the  diagnosis. 

This  intellectua!  process  has  to  deal,  it  must  bo  remembered  also, 
witii  throe  sorts  of  physical  signs  in  practically  every  case  examined, 
hearing  upon  the  statement  of  the  preceding  sentence.  These  are; 
firsi,  the  ahi-oUitely  clear,  definite,  unimpeachable  ones;  secondly,  those 
of  douhlful.  indefinite,  more  or  less  probable  manifestation — usually 
the  signs  of  developing  and  changing  pathologic  states;  thirdly,  the 
absent  signs — those  which  have  certain  value  as  negative  evidence 
when  the  complete  picture  for  a  diagnosis  is  wanting  in  the  apparent 
and  suggestive  signs. 

An  understanding  of  what  has  gone  before  may  be  facilitated 
hv  referring  to  the  following  table,  slightlv  modified  after  I)a 
f 'osta : 


AUSCULTATION 
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Association  of  Physical  Signs 


Palpation.    I   Pbrcubbiox. 


AnSCl'LTATION. 


Frtmitus, 
Unimpaired. 


Increased. 


Diminished 
or  absent. 

Uncertain ; 
mostly  di- 
minished. 


May  be  di- 
minished. 

Uncertain. 


Resonant. 


Dull. 


Dull. 


Reapirafion.  Voice, 

Vesicular  I  Xonnal     vocal 


murmur  or 
its  mollifi- 
cation. 


rosonunce. 


Bronehoves-      Bronchophony, 
icular     or 
bronchial. 


Physical  CoHDrnox. 


Absent      or 
verv  distant. 


Dimini.shed   or  j 
absent. 


Vesiculo- I  Feeble   or|  Uncertain;  di 
tympanitic  i    cavernous, 
or    tymiui-      according 
nitic.  I    to  cause. 


Amphoric  or 
metallic. 

Cracked-jiot 
sound. 


Amphoric  or 
metallic. 


I 

minished      or  • 
cavernous. 


Amphoric      or  ' 
nu'tallic. 


Cavernous.       Cavernous 


Lung  tissue  healthy 
or  nearly  so;  at  any 
rate,  no  increased  den- 
sity from  dei)Osits  or 
from  pressure. 

Consolidation  of  lung 
structure. 


IMeural  effusion. 


Increased  quantity  of 
air  in  lung  or  lungs 
due  to  <.>ver-distL*ntion 
of  vesicles,  or  to  a 
cavity. 

Large      cavity      with 
tense,  ela.stic  walls. 

( 'avity  communicating 
with  a  bronchial  tube. 


From  the  above  it  will  be  observnl  tliat  the  si^riis  of  cavitv  in  the 
lung  are  characteristie  in  that  the  cavernous  or  aiiij>lioric  (juality  of 
sound  attends  uniformly  the  percii.ssion  an<l  auscultation;  ami  it  may 
be  said,  in  addition,  that  amphoric  pluMiouu'na  accompany  the  three 
acts  of  breathing,  of  coughing,  and  of  sjH^aking.  This  is  true  also 
of  the  adventitious  sound  known  as  metallic  tinkling. 

The  combinations  of  physical  signs  givm  in  the  tabic  arc  tliose 
usuallv  met  with  in  adults:  in  cliihlrcn  thcv  arc  less  evident  and 
constant,  because  of  the  thin,  ela.stic  chest  walls,  principally,  the  vc^y 
clear  lung  sound  making  it  e.^peeially  dinicult  to  elicit  dulncss  on 
percussion.  Again,  the  small  size  of  the  chest,  and  the  fact  that  most 
of  the  pulmonary  diseases  causing  any  dulness  are  bilateral,  make 
comparison  of  the  two  sides  less  valuai)l(j  both  l)y  palpation  and  per- 
cussion. Auscultation  is,  therefore,  the  method  most  suitable,  and 
to  be  applied  first,  before  the  child  is  apt  to  cry.  The  crying  voice 
may  then  Ik?  listened  to  as  the  vocal  resonance. 

This  variability  and  uncertainty  of  the  physical  signs  is  a  marked 
feature  of  the  condition  known  as  pulmonary  collapse  or  atelectasis, 
where  the  small  areas  of  relative  dulness  at  the  bases  of  the  lungs 
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posteriorly,  simuluting  bronehopneumoiiia,  may  within  a  few  hom 
give  way  to  clearness,  to  be  replaced  in  the  same  regions,  or  elsewhoe. 
by  impiiirfHl  resonanee  again  within  a  short  time.  This  is  explained 
by  the  fnot  that  in  cases  of  capillary  bronchitl*,  lemporaiy  eiudaiive 
oiietniction  frequt-nlly  cuiisos  colUpise  of  the  lobule,  the  supply  of  sir 
being  cut  off  and  th«  residual  air  l>eing  soon  exhausted.  SiibiT>C(|Ucnllf  | 
the  expulsive  i>ower  of  &  violent  expiration  may  drive  out  the  mueou 
plug.  Rg  <luring  a  paroxysm  of  coughing,  and  tlie  iialurally  cletr, 
resonant  note  is  heard  once  more.  It  is  usual  to  find  associated  wib  ' 
atelectatic  dulness  ahKeut  respiration  or  faint,  distant  bronchovwictt- 
lur  breuthing,  differing  thus  from  pneumonia  with  its  suporficiil, 
harsh,  bronchial  breathing.  On  iiispection,  also,  labored  inspiratory 
efforts  and  recession  of  the  lower  interspaces  are  witnessed,  with  col- 
lopw  of  lung  often  coming  on  suddenly. 

Finally,  it  must  he  admitted  that  the  conditions  in  certain  caws 
of  pleuritic  effusion  are  such  that  a  pneumonic  consolidation  mav  l« 
simulated.  In  the  alisence  of  thickening  of  the  pleura,  and  with  an 
amount  of  fluid  sufficient  to  cause  considerable  compression  of  the 
lung,  the  transmission  of  bronchial  breath  sound  and  bronchopbonv 
may  be  quite  suggestive  of  pneumonia.  If,  however,  the  pleura  is 
thickened  by  a  simultaneous  fibrinous  deposit;  if  the  liquid  is  dense. 
as  may  be  determined  by  exploratory  puncture;  and  if  other  organs, 
as  (he  heart  and  liver,  ,=how  displacement,  pleural  effusion  is  present. 
wliclhcr  or  not  pneumonia  is  responsible  for  the  bronchial  breath  and 
voice  sounds.  Tlic  absence  of  rales,  also,  at  least  of  consonating 
rales,  confirms  the  pleuritic  cau.sation. 


SECTION    II 

SPECIAL    PHYSICAL    DIAGNOSIS    OF    SOME 

DISEASES  OF  THE  RESPIRATORY  TRACT, 

INDUCTIVELY  CONSIDERED 


CHAPTER   VI II 
HYPOTHETICAL  AND  RECORDED  CASES 

The  student  having  acquired  an  elemental  and  general  knowledge 
of  the  facts  and  principles  concerned  in  the  physical  diagnosis  of 
pulmonary  and  pleural  affections,  with  their  illustrative  applications, 
he  is  now  presumably  ready  to  take  up  a  study  of  the  method  of 
arriving  at  a  complete  diagnosis  of  the  s])ecial  diseases  w-ith  all  the 
findings  before  him.  It  is  here  deemed  more  natural  and  rational 
and  cultural  to  approach  such  study — assuming  the  general  familiar- 
ity just  referred  to — in  the  manner  that  each  one  must  necessarily 
and  responsibly  do  sooner  or  later,  at  any  rate;  that  is,  dej)ending 
upon  his  observational  and  reasoning  powers,  learn  all  h<'  can,  and 
think  and  decide  as  l^est  he  can  about  the  physical  signs  of  each  case 
as  he  meets  with  it  in  the  hospital  dispensary  or  ward,  the  bedside 
in  the  home,  or  within  his  own  consulting  office. 

It  is  desirable  to  begin  the  habit,  as  early  as  possible,  of  inducing 
(literally,  leading  into)  a  diagnosis  by  an  analysis  of  the  collcitcd, 
clearly  observed  physical  signs,  as  one  must  really  do  in  })ractisc,  in- 
stead of  merely  memorizing  lists  of  physical  signs  under  the  headings 
of  the  special  diseases  in  which  they  occur  respectively,  endeavoring 
later  to  make  the  case  fit  one  of  the  lists  by  inclusion  or  exclusion — 
a  fallacy  and  too  common  procedure  to  be  unlearned  that  were  better 
anticipated  and  prevented. 

Case  Ho.  1. — A  young  adult,  male,  weaver  by  occupation,  working 
in  a  dusty  atmosphere,  calls  at  his  physician's  office  two  days  after 
having  been  exposed  for  several  hours  in  the  mill  to  a  draft  of  cold, 
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moist  air,  in  March.  U«  fomplains  priueipally  of  a  sense  of  wdglrt, 
tightnos^,  or  soreness  btihind  the  stennim,  a  tickling  in  the  throat  or 
below  the  suprasternal  notch,  followed  by  an  irritating,  dry,  harsb 
cough,  often  paroxysmal,  and  causing  pain  in  the  muscles  of  Ibe 
chest,  especially  along  the  costal  margins ;  the  cough  is  worse  at  night, 
on  lying  down,  and  again  in  tlie  morning,  on  rising;  som«  oppression 
of  breathing ;  all  of  which  points  to  an  acute  or  subacute  inflammation 
of  the  upper  respiratory  tract 

Physical  Ex.\mis.vtion. — Inspection,  palpation,  and  pcrfiwition 
are  practically  negative,  although  at  limes  a,  alight  increase  ia  the 
frequency  and  depth  of  the  respiratory  movements  is  visible.  On 
aunculCation.  the  vesicular  respiratory  murmur  is  everywhere  nornul; 
over  l)oth  infraclavicular  regions,  however,  near  the  sternum,  th» 
bronchial  respiratory  element  is  a  trifle  harsher  than  normal,  l>ut 
fails  to  oljscure  a  few  low-pitched,  groaning  or  sonorous  rales,  and 
occasionally  a  sibilant  rale  a  little  higlier  up  and  farther  out  on  the 
right  side,  these  rales  being  inconstant,  appearing  and  disappearing 
with  cough,  deep  breathing,  and  whispering.  The  vocal  resonance 
ia  normal. 

Analysis  of  the  Physical  Sioss, — ^In  the  first  place,  such  a 
walking  case,  minus  the  evidences  of  severe  illness,  is  apite  of  the 
iu-ntc]ie>;i  of  till-  allaclc  and  tlie  subjective  localization  of  Iho  discom- 
fort and  pain  lo  the  region  of  the  main  bronchi,  precludes  the  proba- 
bility of  any  pulmonarij  involvement  of  acute  character.  This  view 
is  <juite  confirmed  by  the  absence  of  any  visible  (one-  or  two-sided), 
palpable,  or  percutory  signs  of  pjiysical  changes  in  the  lungs — no  al- 
terations of  the  size,  shape,  symmetry,  or  respiratory  movements  of 
the  chost  suggestive  thereof,  nor,  indeed,  any  of  the  vesicular  breath- 
ing or  voice  sounds;  simply  a  roughness,  bilateral,  of  the  bronchial 
breathing  where  normally  this  type  is  heard,  indicating  an  irritative, 
congertive  swelling  of  the  mucous  membrane,  and  rales,  due  to  the 
formation  of  a  viscid  secretion  in  the  bronchi,  heard  during  inspira- 
tion and  expiration,  with  the  other  characteristics  of  purely  bronchial 
origin,  the  solitary  sibilant  rale  indicating  extension  of  the  catarrhal 
inflammation  to  a  branching  tube  of  small  size  extending  into  the 
right  apex. 

A  few  days  later  the  patient  reports  feeling  much  less  substernal 
soreness  and  oppression,  and  the  expectoration  of  a  thick,  yellowish- 
white,  slightly  frothy  sputum,  and  reexamination  elicits  but  one 
change  in  the  physical  signs — the  dry  rales  are  replaced  by  bubbling 
sounds,  of  similar  beliavior. 
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DiAOXOSis. — We  have  determined  a  twofold  pathologic  fact, 
namely:  (a)  inflammation  of  the  bronchial  mucous  membrane;  (b) 
its  limitation  (with  the  single  exception  on  the  right  side)  to  the 
main  bronchi,  probably  including  their  bifurcation:  a  simple  bron- 
chitis. 

Case  Ho.  2. — A  man,  aged  forty-four,  merchant,  during  the  preva- 
lence of  cold,  moist,  penetrating  March  wcailier,  is  taken  suddenly 
ill  at  midnight,  with  a  sharp  chill,  general  aching  and  depression, 
stabbing  pain  ("stitch")  on  the  right  side,  dry,  short,  restrained 
cough,  rapid  respiration  and  pulse,  and  fever.  The  pain  is  located 
in  the  axilla,  and  as  far  forward  as  the  nipple;  is  aggravated  l)0th 
by  breathing  and  coughing.  The  patient  is  i^con  by  the  physician 
for  the  first  time  nine  hours  afterward. 

Physical  Examivatiox. — On  itiMpertion,  the  patient  is  discovered 
lying  on  the  right  (alfected)  side;  a  circumscribed,  almost  livid  Hush 
on  each  cheek,  a  trifle  dei»per  in  shade  on  tlie  right ;  the  breathings 
extremely  frequent,  panting  in  character,  with  occasional  ex])iratory 
grunts.  There  are  no  abnormalities  of  c<mt()ur  of  ihe  chest.  The 
respiratory  movements,  however,  an^  broken,  and  restricted  somewhat 
on  the  right  side,  especially  at  the  lower  half,  and  during  the  in- 
spiratory act.  This  is  perceived  to  affect  the  expansion  as  well  as  the 
elevation  of  the  chest.  The  movements  on  the  left  side  are  dearlv 
exaggerated,  and  slightly  so  in  the  right  infrachivicular  region. 

Palpation  shows  the  vocal  fremitus  to  he  comparatively  normal, 
although,  if  anything,  but  very  slightly  diminished  over  the  right 
lower  as  compared  with  the  upper  zone. 

Percussion  on  both  sides  reveals  a  clear  note,  differing  in  the 
particular  quality  on  the  two  sides,  however.  On  the  right  side  it 
has  a  higher-pitched,  empty,  vesiculotympanitic,  almost  cracke(l-i)ot 
tone;  on  the  left,  a  lower-pitched,  ratlier  hyj)er resonant  tone. 

Auscultativn  exhibits  a  weakened  respiratory  nuirniur  in  the  iu- 
frascapular  and  axillary  regions  on  the  right  side;  over  tlie  upper 
lobe  it  is  a  little  harsher  than  nonnal ;  all  over  the  left  lung  the  qual- 
ity is  vesicular,  but  intensified,  and  at  the  same  time  notal)ly  con- 
tinuous, while  on  the  opposite  side  (the  one  complained  of)  it  is 
interrupted  and  irregular  in  rhythm.  (Juite  distinctly  heard  over 
the  right  base,  in  addition,  are  some  fine,  dry,  crepitant  rales  at  the 
end  of  inspiration.    The  vocal  resonance  is  everywhere  normal. 

Fourteen  hours  later,  at  11  l^^r.,  ihe  distnv^s,  pain  and  dyspnea, 
and  other  symptoms  being  aggravatiMl,  no  change  in  the  physical 
signs  is  observed  except  a  greater  abundance  and  prominence  of  the 
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crepjtaal  rSles,  with,  over  the  right  lung  b«ee  alpn,  the  fedile  Te!>inilir 
murmur  now  rcpUctxl  by  a  somewhat  harsh,  prolonged.  hronchoTSK- 
uler  reapinitory  murmur. 

The  next  (noi'oud)  day,  at  noon,  with  harassing  subj(.Tlivr>  and 
olijectivo  symptorDB,  the  chwk  flu^hiw  tlwjier  and  duskier,  orthoimM 
pronouiicfd.  and  the  distressing  cough  acfompanied  with  a  tenatioas 
m>rl  of  brick-red  or  nisty  Bputum,  the  phyi^ical  signs  are  fouml  in 
be  as  follows: 

Innpfclion  notes  a  marked  ineijuality  in  the  raovementj  of  ihe 
two  sides;  that  on  tl\e  right  is  more  reetrieled  than  at  first  ohserw!, 
the  lagging  and  relative  inaction  giving  it  the  appearance  of  fulnras 
and  weight,  wliile  on  the  left  side  the  cxtursion  of  movement  is.  b\ 
eontrast,  greatly  increased.  But  the  raoveineut  of  clevatmti  i*  not  w 
much  dimininihed  as  that  of  expansion.  The  abdominal  moveoient 
on  the  right  side  is  likewise  visibly  obstnieti-d. 

Palliation  now  elicits  a  positive  increased  fremitus  over  tbi-  wbuli- 
right  lower  lobe,  poaterolaterally,  both  aa  compared  with  the  upper 
portions  and  the  oppottite  side.  Touch  coniinns,  also,  the  sign*  ili'- 
ttrletl  ocularly. 

On  percussion,  over  the  right  aide  anteriorly  a  veeiculntynipaiiitic 
note  persists  (Sfcodaic  resonance);  portariariy,  below  the  scapular 
nrifrlc  imd  cxtiMidiny  into  the  lower  axillary  region,  llii;  wiiirid  is  litiil, 
[liisj^iofi  into  the  liver  dulness  to  the  borders  of  the  ribs.  On  the 
Icfl  side,  front  and  back,  the  note  is  quite  hyperresonant ;  thus  is 
luanift'stud  (lircc  dcf^reew  of  pitch  and  loudness,  as  well  as  (juality, 
niiiiicly.  loH-iiitchi'd,  loud  sound  on  the  loft  side,  medium-pitched, 
umdci-jilcly  loud  (seniilyuipanitic)  sound  over  the  upper  part  of  the 
right  chest,  and  liifjb-pilched.  least  loud  sound  at  the  right  base.  In 
the  latter  regi()n  the  sensjilion  of  resistance  is  increased, 

Aiisnilliilion  of  the  region  of  dulness  shows  a  superficial,  loud, 
harsh,  tuliular  breath  sound,  the  expiratory  sound  as  high  in  pitch  and 
as  long  in  duration  as  the  inspiratory  {bronchial  breathing).  Above, 
on  the  same  .^ide,  the  breathing  is  simply  exaggerated  vesicular,  al- 
though, as  HO  a|jproach  the  level  of  the  seventh  rib  downward,  the 
sound  iKfomes  bronchovestcular.  On  the  left  side  throughout,  marked 
intensification  of  the  vesicular  murmur  is  heard.  At  the  right  base 
wo  lind  a  distinct  increase  of  the  loudness  of  the  vocal  and  whispered 
resonance  (bronchophony). 

Syktiietic  Analysis. — The  acute  character  and  onset,  and  loca- 
tion of  the  symptoms  point  to  an  undoubted  severe  pleural  or  pul- 
monary inflammation,  or  both,  on  the  right  side. 
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This  inference  is  further  confirmed  by  the  disturbed  respiratory 
movements  observed  on  the  right  side,  indicating  at  least  a  painful^  if 
not  a  mechanical,  interference  with  breathing,  rather  pleural  in  ori- 
gin with  the  predominance  of  the  former  condition;  of  simultaneously 
combined  pulmonary  origin  with  growing  predominance  of  dyspnea, 
from  exudative  obstruction  to  the  entrance  of  air  into  the  vesicles. 

The  percutory  and  auscultatory  signs  (first  examination)  indicate 
a  relaxed  state  of  the  right  lung  (tympany)  and  comjw'nsatory  activ- 
ity of  the  left  ( hyperrosonanco :  exaggerated  respiration).  That  this 
relaxation  of  lung  is  immediate  is  proven  by  the  fact  that  if  not  so 
the  location  of  its  determining  signs  would  be  higher  (mediate  re- 
laxation from  pleural  effusion  below,  witli  visible  and  palpable  evi- 
dences of  this  below),  whereas  the  respiratory  changes  and  crepitant 
rales  heard  at  the  base  can  mean  alone  involvement  of  the  lower  lobe, 
with  some  accompanying  pleuritis  sicca,  no  doul)t.  C^)ml)ined,  these 
signs  point  to  the  one  acute  cause  of  such  relaxation  of  lung,  namely, 
congciftion. 

This  inference  is  corrolwrated  at  the  second  visit  to  the  patient, 
with  the  additional  signs  of  l)eginning  exudation  into  the  alveoli,  and 
even  closure  of  some  lobules  alreadv. 

Upon  scrutinizing  the  results  of  the  third  physical  examination, 
the  only  deiluction  must  be  that  of  a  rapid  formation  of  complete  lobar 
consolidation,  essentially  because  of  the  local ize(l  exaggerated  vocal 
fremitus  and  resonance,  bronchial  breathing,  and  d illness,  according 
to  the  established  acoustic  law  of  the  better  conduct  ion  of  sountl- 
waves  in  full  amplitude  through  solid  than  through  air-containing 
structures. 

Diagnosis. — Acute  croupous  or  lobar  pneumonitis:  The  first  stat]c, 
or  singe  of  congestion^  and  the  second  stage,  or  stage  of  red  hepa- 
tization. 

With  the  patient  gravely  ill,  these  physical  signs  j)ersist  for  seven 
days.  A  sudden  crisis  in  the  symptoms  occurs ;  the  temperature  drops 
to  subnormal,  general  prostration  is  intense,  and  cardiac  collapse  and 
a  fatal  issue  are  imminent.  The  natural  powers  of  the  system,  how- 
ever, aided  by  appropriate  and  prompt  treatment,  enalile  the  })atient 
to  withstand  and  survive  the  shock  and  depression.  And  still  there  is 
no  change  in  the  physical  signs — nor  in  one's  anxiety,  perhaps. 

On  the  second  day  after  the  critical  condition  just  mentioned,  the 
patient  breathing  much  easier,  the  sputum  grayish  or  yellowish,  less 
thick  and  rusty,  and  more  abundant  and  frothy,  reexamination  shows 
less  marked  exaggeration  of  respiratory  movement  on  the  left  side,  no 
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jerkinesfl  on  the  right  side ;  diminishod  prominence  of  the  vocal  ficjni- 
tus  over  the  right  base;  diilness  remains;  the  bronchial  breathing i« 
not  so  sharp,  but  more  distant,  though  quite  characteristic;  ne*  lUn 
have  appeared,  )iowover,  of  a  moderately  fine,  moist  type,  heard  batk 
with  inspiration  and  expiration. 

At  the  end  of  two  weeks  from  the  time  of  the  third  examination 
recorded,  very  wtiglit  restriction  of  the  right-sided  thoracic  iDOTemcnt 
is  noticeable,  and  no  exaggeration  of  movement  on  the  left  side  at 
all;  vocal  fremitus  is  practically  uniform  everywhere;  a  relative  dul-  , 
ness  over  the  affected  lobe  is  now  noted,  with  the  peculiarity  that  the 
partly  clear  element  is  tympanitic  in  quality;  hv)>errp8onance  oiw 
the  right  upper  lol>c  and  over  the  left  lung  has  disnppcarei.1 ;  broncho- 
vesicular  breathing  at  the  right  baj^e.  here  and  there  ill-defined,  and 
coarser  moist  rftltis.  mingled  with  some  fine  crepitations,  are  also 
audible. 

AH  of  which  points  mimistakably  to  the  transition  of  the  case 
from  the  third  stage,  or  stage  of  gray  kejMititation,  to  that  of  resu- 
lutian. 

That  clinical  recovery  and  pathological  recovery  are  not  synon- 
ymous, nevertheless,  ia  seen  in  the  fact  that  two  months  later,  the 
patient  having  been  well  and  able  to  work  as  usual  for  nearly  five 
HOi'ks.  the  follnwinp  physical  .-igri';  remain:  in  the  rijrht  infra-:ca]uilar 
I'cgion  only,  slight  impairment  of  resonance,  with  sensation  of  resist- 
ance also  slightly  alK)ve  that  of  the  corresponding  left-sided  space, 
and,  hcside.-i,  a  tympanitic  character  of  clearness,  while  on  ausculta- 
tion the  lireath  sounds  are  a  little  less  clear,  near,  and  loud,  yet, 
wiiluil,  llie  expiralory  portion  is  somewhat  prolonged  and  low-pitched. 

This  oondilion  of  affairs  is  readily  explicable  as  due  to,  in  the  first 
place,  sliglit  pleural  thickening  which  accompanies  practically  all  cases 
of  pneumonia,  from  extension  of  the  inflammation  to  the  surface  and 
a  lobar  pleuiilis  resulting  which  leaves  the  pleura  a  trifle  less  thin, 
stiiooth,  and  translucent  than  normally;  hence  the  pereutory  signs. 
The  fact  tliat  the  impaired  clearness  of  note  is  pleural  instead  of 
pulmonary  is  eviileut,  also,  in  the  auscultatory  indication  that  air  is 
free  to  enter  the  vesicles  over  the  same  location.  But  that  these 
vesicles  have  not  regained  their  normal  resiliency  is  equally  apparent 
in  the  persistence  of  a  tympanitic  element  and  a  prolonged  expiratory 
sound  on  ixtrcussion  and  auscultation,  respectively — significant  of  re- 
laxed lung  tissue. 

Yahi-VTIONS. — Before  considering  the  differential  diagnosis  of 
lobar  pneumonitis,  certain  variations  of  the  physical  signs  not  met 
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with  in  the  average,  typical  case  just  narrated  should  be  pointed  out, 
because  they  enter  more  or  less  largely  into  this  question,  and  their 
recognition  and  estimation  constitute  important  items  of  resource  in 
differentiating  as  accurately  and  readily  as  possil)lo. 

Age  is  a  factor.  When  pneumonia  attacks  a  (]('l)ilitat(Ml  old  man, 
most  of  the  physical  signs  are  retarded  and  insidious  in  their  appear- 
ance and  development,  and  lack  distinctness.  This  is  particularly 
evident  as  regards  the  fremitus  and  dulncss,  and,  thou*rii  less  marked, 
the  occurrence  of  bronchial  breathing,  which  may  bo  distant  and  rather 
indeterminate.  In  very  young  children,  also,  a  considerable  solidili- 
cation  may  exist  without  dulness;  indeed,  there  may  be  tympany 
instead. 

Sex  and  Build, — Increased  tactile  fremitus,  which  is  an  important 
factor  in  the  diagnosis,  may  be  absent  on  account  of  the  weaker  voice 
in  women,  or  because  of  a  thick,  fat  chest  wall. 

The  location  and  extent  of  the  consolidati(m  mav  influence  the 
physical  signs.  Thus,  in  the  more  infrequent  cases  of  apind  pneu- 
monia, well-marked  dulness  is  rarely  met  with.  Bronchial  breathing 
is  likewise  less  obvious.  In  the  so-called  '^central  pneumonia'" — 
which,  by  the  way,  is  the  variety  most  often  met  with  in  the  aged — 
the  deep-seated  area  of  hepatization  may  es(ai)e  detection  so  far  as 
percussion  is  concerned;  and  even  on  auscultation,  the  broncliial 
breathing  may  be  so  feeble  and  distant  as  to  be  recognized  only  with 
great  difficulty  and  care.  The  pneumonitie  process  may  reach  the 
surface  later,  however,  and  then  be  more  easily  diagnosticated.  Small 
areas  may  so  be  discovered,  beginning  high  up  in  the  armpit ;  in 
doubtful  cases,  therefore,  this  part  of  the  axil  he  should  always  he 
examined  with  closeness.  Pneumonia  at  the  left  base  sometimes  es- 
capes early  and  definite  detection  on  account  of  the  proximity  of  an 
enlarged  stomach,  giving  rise  to  a  tympanitic  note. 

ilassive  pneumonia — the  term  apj)lied  to  that  variety  in  wliich 
the  bronchus  leading  to  the  consolidated  lobe  or  lf)bcs  is  occluded  by 
exudate — may  be  particularly  puzzling  because  of  the  absent  fremitus 
and  bronchial  breathing,  and  the  more  than  usually  dull  and  resistant 
sound,  as  in  cases  of  pleural  effusion. 

^^  Wandering"  or  *^  creeping  pneumonia-'  (also  mif/raiorj/),  as 
the  term  signifies,  is  a  form  of  the  disease  in  which  the  signs  of 
consolidation  are  found  to  extend  from  one  lobe  to  another,  or  to 
disappear  over  one  lobe  and  appear  over  another.  This  is  more  prop- 
erly a  pneumonia  with  relapses  than  an  actual  wandering  of  the 
inflammation. 
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Again,  il  should  be  rcraombcml  that  quite  frequently  cas«  of 

pneiimniiia  are  liriit  swn  v\\vn  the  first  »tage  (cangeetive)  lia»  pfeMd; 
that  pgaphony  inny  somolinies  be  heard  over  the  ronmlidatol  l<Ae; 
that  both  dulnoss  and  bronchial  breathing  may  be  Imnsmitted  a  short 
dislani-e  lnjyond  the  acluni  l)onlen!  of  consolidation,  espwially  when, 
as  in  Ihe  majority  of  cases  tho  right  lower  lobe  i§  affectt-d,  the  tn- 
larged  as  well  as  eolidified  lobe  is  in  clow  contsct  with  the  fpin»l 
column,  80  that  a  narrow  zone  of  miKiiTutf  bronchial  hr>.-4ilhiiig  nttj 
b«  nmlible  ahtng  lh«  column  ou  tho  gmind  Bide;  that  the  diu'a*  may 
run  a  short,  even  two-day  course  {ahortive  form ) :  that  it  may  il\fo 
manifoul  a  prolongi'd  pereistence  of  tlio  phyi*if8l  ^igns,  from  (n)  "k- 
layed  ix'flfilution,  (h)  relapse,  or  a  ramlififation  of  them  (r)  bceauje 
of  a  terminal  transition  to  abscc^  or  gangrene  of  the  lung. 

Finally,  while  as  a  complication  of  other  dtseat>t;a  rc^iilar  [ineU' 
monia  may  be  seemingly  present  symptomatically,  the  pliysieal  fipis 
arc  so  irregular  as  to  render  the  diagnosis  hetwceu  the  lobar  ami 
catarrhal  varieties  uncertain  in  some  cases.  This  is  especially  apt  to 
occur  in  connection  with  epidemic  inlluenza.  A  patch  of  limited  or 
incomplete  consolidation  may  be  found  between  tlie  angle  of  ihf 
scapula  and  the  spine,  or  in  the  upper  ajcillary  regions,  as  indicatr>l 
by  the  dulness  and  bronchial  breathing.  More  often,  however,  the 
pliy-iical  i^itrns  of  llie  so-cfilled  ii,/lur,.z„l  pr.ruwniiit  arc  rli<isc  nf  nu 
intense  acute  pulmonari/  congestion,  and  true  hepatization  does  not 
occur.  Tliero  may  bo  no  pci-ceptible  alteration  of  the  percussion  note, 
cerfninly  no  dulness,  and  usually  nothing  more  than  a  general  slight 
impairment  of  resonance  over  one  lung.  Neither  is  bronchial  respira- 
tion evident;  on  the  contrary,  only  a  few  areas  of  bronchial  harshness 
(irritative)  in  the  midst  of  a  general  area  of  moderate  suppression  of 
the  breath  sounds.    Crepitant  or  some  fine  moist  rales  may  be  heard. 

The  pneumonias  which  occasionally  follow  surgical  and  accidental 
injuries  and  etherization  arc  of  this  character, 

Keference  has  been  made  to  the  fact  that  every  pneumonia  in 
which  the  inflammatory  process  extends  to  the  pleural  surface  of  the 
lobe  is  associated  with  a  certain  fibrinous  pleuritis.  But  in  some 
cases  this  latter  condition  may  become  so  severe  and  extensive  {pleuro- 
pneumonia) as  to  give  rise  to  physical  signs  so  predominant  that  tliose 
of  the  pneumonia  may  be  obscured  almost  beyond  recognition.  This 
will  be  pointed  out  more  fully  below  in  differentiating  pneumonia 
from  pleurisy  with  effusion. 

DiFFKHKNTi.vL  DiAGNOSiB. — In  the  first  stage  of  pneumonia  the 
signs  may  be  simulated  by  three  pathologic  conditions,  namely,  acuU 
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pulmonary  congestion  (see  under  the  preceding  heading),  hypostatic 
congestion^  and  pulmonary  edema, 

(1)  Acute  Pulmonary  Congestion, — In  the  first-nanie<l,  the  bilat- 
eral, moderate  harshness  of  the  respiratory  murmur  s(X)ns  ends  as  it 
began,  while  in  pneumonia  the  localization  of  the  congestion  to  the 
lobe  that  is  to  he  consolidated  is  manifested  hv  the  transition  within 

« 

twentv-four  or  thirtv-six  hours  of  a  rather  weakened  localized  murmur 
to  true  bronchial  breathing,  maintained  until  the  crisis,  unlike  the 
general  congestion,  the  mentioned  signs  of  which  may  be  intermittent. 
In  the  simulating  affection,  also,  the  crepitant  rale  is  much  less  con- 
stant, scanty,  generaliz^nl,  and  recurrent,  wlieroas  in  pncniinonia  it  is 
common,  abundant,  localized,  and  recurs  only  during  resolution  (riile 
redux),  if  at  all. 

(2)  Hiipostaiic  Congestion. — In  the  course  of  long-continued 
fevers,  as  typhoid,  and  of  chronic  debilitating  diseases  attendetl  with 
weak  heart,  causing  the  patients  to  be  bedridden  in  the  dorsal  re- 
cumbent position,  such  as  cancer;  paralysis,  especially  that  following 
cerebral  apoplexy,  and  in  the  later  stages  of  diabetes,  BrightV  disease, 
and  tuberculosis,  lobar  pneumonia  may  be  susj>ecte(l  as  a  complicating 
affection  when  the  simulating  signs  are  really  due  to  a  stasis  or  en- 
gorgement of  the  dependent  (postero-inforior)  ]>arts  of  the  lungs 
from  the  combined  factors  of  a  weak,  llal)l)y  right  heart  and  the 
influence  of  gravitation.  In  very  protracted  cases  the  congestion  may 
actually  l.)e  transformed  into  a  hi/pot<iatic  pnrununna,  a  certain  quan- 
tity of  exudation  expelling  consideral)le  air  from  the  vesicles  and 
infiltrating  some  of  the  interstitial  tissue. 

Here,  apart  from  the  suggest iveness  of  the  underlying  disease, 
usually  easily  recognized,  the  physical  signs  of  a  ]iyj)ostasis  may  l>e 
ditferentiated  in  the  following  particulars,  principally:  (n)  on  in- 
spection, while  the  respiratory  movements  are  somewhat  shallow  (ex- 
cept in  the  infraclavicular  regi(ms),  tlnMe  is  not  the  painful,  one- 
sided restriction  of  movement  seen  in  true  lohar  pneumonia,  with 
exaggeration  on  the  opposite  side,  and  the  acute  dyspnea  is  absent; 

(b)  the  vocal  fremitus  is  feeble  at  the  base,  normal  above  anteriorly; 

(c)  there  is  slight  dulness  over  both  bases,  frequently  commingled 
with  a  slightly  tympanitic  quality;  (d)  on  auscultation  we  hear  the 
breath  sounds,  likewise  those  of  the  voice,  diminished.  Fine  moist 
rales  may  be  audible,  due  to  adjacent  bronchitis.  At  times  the  ex- 
piratory murmur  is  slightly  prolongc<l,  and  in  the  terminal  cases  of 
hypostasis,  where  some  induration  has  occurred,  the  breathing  may 
have  a  bronchial  quality.    An  important  distinguishing  point  is  the 
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fuel  that  hypostatic  poeumonia  is  inrarisbly  ktlatera),  while  theoidi- 
nnry  aeute  (iii«uuionia  is  rareiy  so.  Not  infrequently  thu  evidonca 
of  congestion  (hypostatic)  are  a  little  more  extensive  on  the  right 
side,  the  relative  dulnese  reaching  as  high,  perhaps,  as  onfr-lhinl  the 
way  «p  the  scapula. 

(3)  From  pvtmonari/  edema  acute  lobar  pneumonia  may  be  differ- 
eoliated  by  the  conditions  under  which  the  former  occurs  (as  a  psrl 
of  t!ie  genera!  dropsy  of  cardiac  or  renal  disease,  and  in  the  terniJn»l 
stages  of  chronic  anemic  and  eaehectic  conditions) ;  by  the  bilateral 
impaired  resonance  and  weak  breath  sounds  heiow  the  »?apulnr  aa- 
gles,  and  especially  by  the  distinct  fine  moist  rales.  As  the  seniU' 
effusion  into  the  alveoli  increases  and  extenda  to  the  higher  portion 
of  the  lungs,  more  marked  dulness  and  broncho  vesicular  raspiratinn 
may  be  heard,  and  the  liquid  rales  become  less  uniform  on  account 
of  the  admixture  of  coarser  (slightly)  riles,  which  may  be  heard  al^ 
in  the  axillary  regions. 

As  pulmonary  edema  is  often  preceded  in  transition  by  hypastatic 
fimgestion,  and  may  thus  he  a  precursor  of  death  because  of  tlie 
greater  loss  of  strength  and  vitality  indicated,  for  prognostic  and 
therapeutic  reasons  it  is  important  to  recognize,  if  possible,  this  tran- 
Hition.  As  a  rule,  in  edema  the  dyspnea  is  more  marked,  and  hc- 
conies  rapidly  aggravated;  dulness  on  percussion  is  more  decidedly 
evident,  and  unassoeiated  with  a  tympanitic  quality,  and,  most  dis- 
tinctive of  all,  the  presence  of  more  or  less  fine  moist  rJUes. 

The  differential  diagnosis  of  the  second  or  consolidation  stage  of 
lobar  pneumonia  is  seldom  difficult,  the  only  diseases  of  importance 
simulating  it  being  phurisii  with  effusion  (acute)  and  acute  pneu- 
monic phtlims  (tuberculosis);  rarely,  an  hemorrhagic  infarction  of 
Die  lung  also.     The  first  of  these  will  be  considered  later. 

(4)  Acute  Tub erculo pneumonic  Phthisis. — It  may  be  impossible, 
for  the  first  week  or  ten  days,  to  distinguish  this  from  ordinary  croup- 
ous pneumonia  by  physical  signs  alone.  The  signs  of  pneumonia 
occurring  in  a  small-chested  individual  should  invariably  lead  to  a 
careful  exDiiiination  of  the  apices,  where  often  the  tuberculous  focus 
causing  the  acute  outbreak  of  extensive  consolidation  in  the  lower 
IoIkis  may  be  discovered.  In  acute  tuberculous  pneumonia,  again. 
evidences  of  bilateral  involvement  are  more  frequent.  Instead  of  a 
eritica!  decline  about  the  eighth  or  tenth  day,  the  disease  persists, 
minus  the  physical  signs  of  resolution  as  in  the  lobar  pneumonia; 
on  the  other  hand,  soon  plus  thoi^e  of  softening  and  cavity  formation, 
namely,  cavernous  or  amphoric  breathing,  gurgling  rales  and  metallic 
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tinkling,  and  circumscribed  areas  of  percussion  tympany.  Otherwise, 
the  differentiation  must  be  made  by  an  examination  of  the  sputum, 
and  consideration  of  the  clinical  aspects  and  i>ersonal  and  family 
history  of  the  patient. 

(5)  In  hemorrhagic  infarction  the  signs  of  consolidation  point 
to  a  small,  ciroumscrilxjd  area,  usually  in  the  middle  or  lower  lobe 
of  the  right  lung,  near  the  surface,  or  pcrluips  at  one  of  the  l)orders. 
A  deeply  seated,  centralized  infarct,  with  ihr  symptoms  of  lol)ar  pneu- 
monia at  the  onset,  is  seldom  rccognizahlc  by  the  methods  of  ])hysical 
examination.  A  superficial  infarct,  however,  gives  rise  to  a  limited 
area  of  dulness  on  light  percussion;  the  fremitus  is,  if  anything, 
slightly  increased,  unless  complicated  by  pUuiritis,  and  some  localized 
crepitant  rales  and  bronchovesicular  breathing  may  be  heard.  Asso- 
ciati*il  with  these  signs  are  usually  found  those  of  valvular  heart 
disease,  especially  when  due  to  ulcerative  or  malignant  endcn-arditis. 
Other  septic  or  pyemic  diseases,  infectious  fevers,  and  the  ])uerptM*al 
state  and  traumatism  causing  rrnotts  thrombosis  of  the  leg,  uterus, 
etc.,  may  be  present  as  suggestive  of  infarction  from  an  embolus 
rather  than  of  a  true  pneumonitis. 

Case  Ho.  3. — An  elderly  gentleman,  a])])arently  about  fifty-eight 
or  sixty  years  of  age,  enters  one's  olhce,  manifesting  some  shortness 
and  laboriousness  of  breathing,  and  embarrassed  by  brief,  harsh,  at 
times  slightly  rattling,  explosive  spells  of  coughing  attended  with  a 
scanty  mucous  expectoration.  His  lips  and  eln^'k  eminences  show 
some  lividitv,  and  over  the  latter  the  bluishnes-  is  marked  bv  a  net- 
work  of  dilated  capillaries.  He  stands  and  walks  sliirhily  bowed,  and 
is  rather  bulky-chested,  although  not  large-linilx-d.  Wlien  in  his  teens 
he  suffered  from  fre(|uent  attacks  of  asthma  for  several  years,  and 
ever  since  twcntv-four  or  twentv-fiv(»  vcars  of  a<:e.  until  twentv  vears 
ago,  worked  extremely  hard  physically  (in  iron  works).  He  has  also 
lxx?n  subject  to  more  or  less  severe  attacks  of  l»ronc]iitis,  la-ting  from 
one  to  two  months,  nearly  everv  winter.  11  (»  comes  for  the  relief 
and  cure,  if  possible,  of  the  dys[mea  and  cough,  e-j)ecially,  and  the 
mitigation  of  his  condition  and  of  the  recurrent  hrondiitic  attacks 
generally. 

Physical  Examination'. — fnspcrtion  of  the  bared  chest  shows 
the  following:  The  peculiar  breathing  movements  of  the  thorax  at- 
tract one's  attention  at  once,  but,  confining  (uir  interest  to  the  size 
and  shape  of  the  thorax  first,  we  note  that  it  is  generally  onlargeil 
and  rounded^  the  enlargement  being  most  nuirkcd  in  the  upper  half. 

The  whole  chest  is  higher  than  normal,  too,  and  the  neck  appears 
16 
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mn-espondingiy  shortened  and  thick.     Tho  stooiiing  posture  b  a 
mented  by  the  elevated  and  rounded  shoulder*,  and  the  evideol  in- 
crense  in  the  anteroposterior  diameter,  as  well  as  by  the  c>Lagg:pr^ 

curve  of  the  dorsal  Bpine.  The  point  of  greatest  curvature  correspoali 
to  the  lower  portion  of  the  thoracic  spine.  The  sternum  is  conspicn- 
oiiBly  prominent,  arching  forward  a  little  more  noticeably  at  level  of 
insertion  of  the  fourth  rib.  The  bone  appears  unusually  broad,  how- 
ever, and  flat  at  the  angle  of  Louis — i.  o.,  the  angle  formed  by  the 
planes  of  the  manubrium  and  gladiolus  ia  more  obtuse. 

The  stemomastoids  and  scaleni  antici  stand  out  prominently,  ui 
till!  jugular  veins  (external)  likewise,  from  distention.  Eraneawit 
tumors  are  seen  rising  and  falling  above  the  clavicles  with  violent 
coughing  attacks;  at  other  times  the  supraclavicular  regions  are  de- 
pressed. The  scapulie  are  widely  separated.  The  intercostal  spaces 
are  widened,  especially  at  the  upper  part  of  the  chest.  While  Ih* 
epigastric  angle  is  also  widened — obtuse^the  lower  portion  of  the 
chest  seems  transversely  constricted  {peripnevmonic  furrow)  becansf 
of  the  comparatively  greater  increase  of  all  of  the  upper  diameters. 
The  heavy  ribs  are  not  uniformly  arched,  but  present  conspicuous 
angulations  at  various  points;  they  are  also  rigidly  and  horizontally 
arched  forward,  as  in  a  fixed  inspiratory  position,  especially  above  the 
sixth  rib. 

Tlio  general  respiratory  expansion  is  distinctly  diminished;  there 
is  absence  of  resiliency  of  movement,  the  ribs  and  sternum  moving 
ii|)wiird  (]irincij)ally)  and  forward  (slightly)  as  if  made  of  one  piece. 
With  the  ulovaliou  of  the  chest  the  hypertrophied  stemomastoids  and 
scaleni  jerk  out  tensely  into  greater  prominence,  the  supraclavicular, 
siiprnstcMiid,  .tiuI  iip]H>r  intercostal  spaces  being  correspondingly  deep- 
ened willi  the  inspiration.  The  expiratory  movement  is,  on  the  other 
hand,  tardy,  slow,  and  laboi-cd,  and  the  spaces  just  mentioned  bulge 
out  during  forced  expiration.  The  lower  part  of  the  chest,  including 
the  diapliragmntic  region,  is  seen  to  be  retracted  during  inspiration, 
and  the  U]>per  bellies  of  the  recti  muscles  firmly  contracted;  indeed, 
the  breathing  movements  altogether  are  chiefly  abdominal  and  re- 
versed as  regards  the  excursions  of  the  mural  tissues  and  the  acts  of 
respiration.  The  diaphragmatic  shadow  (Litten's  sign)  is  faintly 
seen,  moves  but  an  interspace,  and  begins  at  the  eighth  interspace. 
During  quiet  breathing  the  sign  is  absent. 

Mensuration,  with  the  tape  line  around  the  chest  at  the  nipple 
level,  demonstrates  diminished  respiralorif  expansion:  a  difference  of 
but  1^  in,  between  the  measurements  of  deepest  inspiration  and  deep- 
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est  expiration.  The  total  circumferential  measurement  of  the  thorax 
is  disproportionately  large:  the  patient's  stature  measures  5  ft.  8  in., 
the  thoracic  circumference,  41  in.,  and  the  man  is  not  obese  or  other- 
wise unusually  large  in  build. 

On  palpation,  the  signs  obtained  by  inspection  are  confirmed ;  the 
extreme  hardness  and  rigidity  of  the  whole  bony  and  cartilaginous 
thorax,  the  lack  of  resiliency  and  ox])ansibility,  are  especially  notice- 
able. The  vocal  fremitus  is  bilateriillv  diminished.  Some  rhonchal 
fremitus  is  felt  over  the  region  of  the  main  bronclii  in  front  imme- 
diately  after  a  coughing  spell.  Incidentally,  the  cardiac  apex-l)eat  is 
very  feebly  palpable,  while  a  moderately  marked  pulsation  in  the  epi- 
gastrium is  noted. 

Percussion  shows  a  distinct  hyperresonance  over  botli  lungs,  with  a 
boardy  or  woodeny  quality.  Near  the  sternum  the  sound  lias  a  slightly 
tympanitic  tone.  The  quality  of  the  sound  is  not  changed  either 
by  a  forced  inspiration  or  expiration.  This  clear,  loud,  low-pitched 
resonance  is  discovered  to  extend  bevoud  the  normal  boundaries  of  the 
lungs;  with  slightly  higher  pitch  it  is  heard  as  low  as  the  seventh 
rib  in  the  midclavicular  lines,  the  ninth  interspace  in  the  midaxillary, 
and  the  twelfth  rib  in  the  scapular  lines.  With  the  exception  of  a 
small,  indistinct  area  of  dulness  below  the  fifth  rib,  between  the 
sternum  and  the  left  mamniillarv  line,  no  cardiac  dulness  can  be 
found.  Over  the  sternum  itself  the  percussion  note  has  a  niarkeci 
"  Ik)x  tone"  (Schachtelton),  The  splenic  dulness  is  very  small  and 
indistinct,  and  begins  at  the  tenth  rib.  The  a])i(es  manifest  a  vosic- 
ulotympany  on  percussion  that  is  best  perceivc(l  during  the  bulging 
of  inspiration.  The  mobility  of  the  low(»r  borders  of  the  lungs,  as 
revealed  by  percussion  at  the  end  of  the  two  foreed  respiratory  aets, 
is  practically  nil. 

Auscultation. — The  breath  sounds  over  the  vesicular  lung  sub- 
stance arc  everywhere  soft,  and  so  feeble  in  phu?es  as  to  be  scarcely 
audible.  The  most  striking  feature  is  marked  relative  prolongation 
and  weakness  of  the  expiratory  sound,  with  lowered  pitch,  the  short- 
ened inspiratory  sound  being  apparently  only  about  one-third  as  long 
as  the  expiratory.  A  few  sonorous  and  sibilant  nlles  are  heard  near 
the  region  of  the  left  bronchus,  and  occasionally  some  high-pitched 
wheezing  during  expiration  near  the  vertebral  borders  of  the  scapulie, 
as  well  as  a  few  crackling  and  fine  moist  rales  near  the  bases  of  the 
lungs  posteriorly.  The  adjacent  heart  soimds  are  much  enfeebled  at 
the  normal  position  of  the  apex.  Tlie  second  sound  at  the  pulmonary 
valve  area,  however,  is  relatively  sharpened  in  tone.     There  is  no 


212  PHYSICAL    DIAGNOSIS 

distinct  change  in  the  vocal  resunanfp,  ollhvngb  if  nnything  "u  ii 
triiio  diminished. 

Syntiiktic  Amaltsib. — Inspfclioa  itnil  mi-nsiimii'in  sboir  ob<v 
ouslj-  ouoiigh,  vithout  any  longthy  discussiim,  the  i)resGnce  nC  tww 
intratlioracic  coudilion  ot  chronic  or  pernianenl  struftural  clwii^  a 
thf  cause  of  go  grcul  and  general  enlargcmiml,  and  yet  *o  little  poiw 
of  expansion,  «ven  with  the  nianifwt  laboriousiiess  nt  «ff<i« — >  dis- 
tention of  nipaeitj  with  restriction  of  activity.  Sometime*  we  mW 
with  large  chests  in  thoso  who  \iave  been  athletes  or  devdlera  ul 
"  jihysical  culture,"  but  the  normal  contour  and  proportion*  an;  mas> 
taincd.  and  tho  respiratory  exi>aiision  ia  increased  instead  of  dmun- 
ished.  Hero  the  almoet  iixtx!  enlargement  nKmiit;  that  the  pkanl 
sacs  are  dialeuded  with  too  much  inlrupnlmonHry  air,  ur  with  a  liilil- 
eral  effuaion  of  liijuid  or  air.  Thu  laKt-named  condition  [irHi-iirallt 
ne\er  otciirw;  a  doubk^  bydrothorax  is  very  rare,  and  so  here  prr- 
suiiiptivi'ly  itiiprobahlc;  beaidcs,  u  pneumolhorax  ia  ui^ually  iinilat«tal 
and  associated  with  the  signs  of  advananl  pulinonnry  tuk-rcnli»ii>, 
and  the  bulging  of  a  pleural  ellunion  is  most  inarke«!,  and  likely  lo 
Ix!  limited  lo  the  h&et^  nt  the  ehcsL 

In  addition  to  the  detailed  physical  signa,  Tlsiblo  and  menaon^l^ 
that  correspond  cloeely  with  the  cfasratiterlEUcfl  of  Ihft  «inpliys«iiMlou« 
L'licsl  jinviiiosly  i lose ri bed,  the  intiTence  of  an  air-containiny,  lar;;*:- 
liLii'Tfd  fiiniiition  is  lonfirmcd  by  tbc  extensive  area  of  loud  vc^iiiiK 
lyiujiany  on  percussion.  But  we  know  also  that  such  a  protracted 
history  of  pulmonary  strain  as  this  patient  gives,  with  his  liaring 
bad  usthma  and  chronic  bronchitis  (rflles)  for  so  many  years,  must 
have  left  its  impress  permanently  in  weakened  elasticity  as  well  ta 
distended  capacity  of  the  ahrolar  walls,  a  deduction  which  is  fully 
met  by  the  fact  that  the  breath  sounds  are  feeble  and  the  expiration 
much  prolonged;  evidently  the  respirator)-  murmur  cannot  be  distinct 
when  ti  decreased  amount  of  inspired  air  can  enter  the  already  fiileJ 
vesicles,  and  when  that  which  is  expired  has  bo  little  alveolar  reactive 
tension  left  to  create  any  prompt,  brief,  or  sharply  audible  current 


The  diagnosis  of  hyperlrophic  emphynema  of  the  lungs  is  estab- 
lished also  by  the  characteristic  bonier  features,  especially  the  es- 
tended  and  yet  almost  immobile  lung  boundaries,  and  the  effects  of 
their  encroachment  upon  the  areas  of  dulness  of  the  heart,  liver.  anJ 
spleen. 

DiFFEUESTiAL  DiAONOsts.— /'nr»/fH'i//ioraj-  is  the  only  condiliot 
that  may  simulate  emphysema  to  any  appreciable  extent,  but,  in  th( 
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first  place,  the  forinor  is  apt  to  be  sudden  and  abrupt  rather  than 
gradual  and  long  continued  in  its  development,  as  in  the  case  of 
emphysema.  Then,  again,  pneumothorax  is  unilateral;  the  enlarge- 
ment is  one-sided,  and  the  affected  side  hardlv  moves  at  all.  The 
thorax  is  also  generally  small  and  emaciated.  The  unaffected  side 
moTes  with  exaggeralwl  activity.  The  percussion  note  is  mon»  often 
tympanitic  than  simply  hyperresonant,  and  is  more  apt  to  displace 
the  heart  (in  a  direction  opjwsite  to  pressure)  tlian  is  emphysema, 
which  encroaches  over  the  adjacent  organs.  Whereas  in  oinphysema 
feeble  brealhing  is  heard,  assm-iatod  witli  whistling  or  line  bubbling 
rales,  in  pneumothorax  the  breath  sounds  an*  eitluT  absent  over  the 
affected  side,  or  distant  amphoric  breathing,  possibly  with  metallic 
tinkling,  is  detected.  The  coin-percussion  test  may  reveal  the  me- 
tallic or  l)ell  sound  peculiar  to  pneumothorax.  And,  finally,  a  zone 
of  dulness  at  the  base  posterolaterally,  the  u])i)er  limit  changing  with 
the  posture  of  the  patient,  may  indicate  the  presence  of  licpiid  (hydro- 
pneumothorax). 

It  is  highly  important  that  other  conditions  than  emphysema, 
which  may  be  partially  hidden  by  the  enlarged  and  extended  lungs, 
should  l)e  sought  for  in  most  cases.  Thus  aortic  aneurisms,  medias- 
tinal tumors,  cardiac,  hepatic,  and  si>l(»nic  enlargements,  pulmonary 
tuberculosis,  and  I)ronchiectatic  cavities,  for  example,  may  be  over- 
looked in  consecpience. 


SECTION    III 

THE  HEART  AND  PERICARDIUM 


CnAlTEK    IX 
INSPECTION 

Preliminary. — There  ia  no  organ  of  tlic  rlip*f  nr  nbilomen  IV 
niuiltimif  nnd  fimctional  abnormalities  of  which  \etui  DxKm^ins  m 
readily  nnd  act-uratoly  to  dingnosie  by  muans  of  tho  pliyeicul  luethe^ 
of  examination  as  the  heart-  The  physical  diugnosis  of  citrdiac  afl«> 
tions  is  also  the  most  important,  in  an  individual  or  exclniiiva  bcbpc, 
in  that  the  physical  signs  of  themsclvea  are  esaential  to  a  prpcii« 
knowlpd^  of  the  lesions.  Furthermore.  0veD  the  si^w  of  a  ra» 
(if  in'jiiiiiic-  viilviiliir  ilisrasp,  for  o\;unpk",  and  llie  loioiifii  and  cbarai?- 
tur  of  llii'  di^iorder,  with  its  eoust'quenws  upon  the  pulmonary  and 
systemic  circulations,  especially  in  the  way  of  engorgements,  may  !« 
deduced  by  an  Aristotelian  logic  with  almost  mathematical  precision. 

Before  any  satipfactorj'  information  concerning  the  diapnoiiig  of 
cardiac  diseases  can  be  uldized,  a  review  of  the  cardinal  point,*  nf 
the  clinical  anatomy  of  the  heart  is  of  prime  importance,  since  much 
dejH'nds  upon  this.  Likewise  the  physiology  of  the  heart  has  vital 
liuaring  ii]Xin  the  diagnosis  of  most  of  its  affections,  but  this  will  be 
considered  moi'e  appropriately  under  auscultation. 

TOPOGRAPHIC   AND    RELATIONAL   ANATOMY   OF 
THE    HEART    AND    ITS    VALVES 

Location  of  the  Heart, — The  heart  being  conoidal  or  irregularly 
pyramidal  in  shape,  is  so  located  l)etwcen  the  anterior  and  posterior 
mcdiastini  that  its  long  axis  is  directed  downward,  forward,  and  to 
the  left  (at  an  angle  of  GO  degrees  with  that  nf  the  body),  its  apex 
behind  the  fifth  interspace,  ^  to  1  in.  inside  the  left  nipple  line,  the 
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fourths,  i*i  on  the  left  side.  It  k  held  from  rolling  about  in  Ihe  chest 
by  its  attaclimenls  1o  the  great  vessels  at  the  base,  and  by  the  peri- 
cardial sac  which  envelops  it  firmly  around  the  roots  nf  the  vessels, 
loosely  below,  leaving  some  space  between  Ihe  heart  (right  ventricle) 
and  itt  diaphragmatic  and  sternal  attacbmente  analogous  to  the  com- 
mtary  pleural  sinus. 


f 
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TV  nfeftMH  af  Ott  mfrawr  aarfmtt  td  tbe  heut  lo  Ae  ^^s^ 
wall  in  front  u«  <rf  moat  pnctkal  ii»|w  I  iim  ■  ThU  ^igbtlr  earred 
fttrfMv  L<  n*4rlT  parallel  lo,  and  in  appoaiUan  Tith.  the  si«nitnn  aod 
rib*,  nn-pt  »ber«  Uie  loB^  meriap  W  thrir  anirrior  bofdns,  and 

irianjnUr  in  rbaptL  It  indnds  the  right  appvodix  and  most,  of 
the  right  anriclf  t<i  the  riglil  of  the  iD>dfl«TiiaI  \m\  the  i^i^ter  part 
nf  the  rifht  reatririe  (■  jMrtinB  nDcmervd  br  luoe).  and  Hnall  por- 
thiti*  of  the  left  appcndii  and  left  rcotride  to  the  Irft  of  the  sane 
line. 

Tapopaphie  Outline  ti  tlte  Heart  tm  the  Cheat  VaU. — .iMiiift- 
iii;*  the  f*aminer'*  *■_«**  to  I*  on  a  lev*l  aiih  tlw  otiipt  t^f  ibe  heart, 
approximalelT — tliat  i)S  oppwili;  thtf  Itrft  bonlrr  nf  ibr  flrmnin  in  the 
fourth  int(T<pac«^the  »nrfacc  landmarti^  of  the  horderi  »(  Ihtf  avvf- 
ngt-  Domial  ln«ri  maj  !«■  prujivlKd  m  follows; 

(1)  Vfiprr  Bttrdrr. — This  may  Ik  d<-Sn<nl  hv  a  horisontal  line 
drawn  throufth  the  apper  vtigv  of  the  third  coital  cartilagrs.  (;xt«i>ding 
frum  a  paint  1  in.  Iti  thi'  Ii;fl  of  th:  li-ft  «ti>raal  marigin  to  a  point 
I  in.  to  tlui  right  of  (he  right  stemochoiulral  ariienlatinn.  Thid 
defines  (he  highest  point  of  the  heart — the  haw — above  which  are  the 
great  vowels,  and  bi-low  which  ran  the  ri^t  and  left  bouudarits, 
oiorv  or  lifM  ofltwardljr. 

(2)  Ilif/ht  HordfT. — This  is  traced  by  a  line  curving  outward 
i^liglitly  from  iho  right  upper  point,  just  noted,  down  to  the  lower 
border  of  tlie  fifth  rih,  nearly  1  in.  to  the  right  of  the  edge  of  the 
breast -Iwine.     From  thence,  curving  sharply  inward,  begins  (he 

(;t)  J^ower  Border. — It  slopes  downward  slightly  toward  the 
left,  LTossing  the  niidstornal  line  at  the  junction  of  the  upper  and 
miildle  tliirds  of  the  xiphoid  process,  the  sixth  costal  cartilage 
(left)  near  the  sternal  junction,  and  terminates  In  the  fifth  inter- 
space near  the  apex,  about  1  in.  within  the  midclavicular  or  mam- 
niilliir}'  line. 

(l)  Lf.fU  "'■  Outer,  Border. '~T!\\\s  corresponds  with  an  oblique, 
slightly  curved  line,  with  it.*  convexity  outward,  extending  from  the 
left  end  of  [ho  iijipcr  boundary  (1  or  1^  in.  to  the  left  of  the  left 
Ktcrnal  artioulalinn  of  the  third  costal  cartilage)  to  the  ape.x  in 
the  fiflh  iiitcrspHce,  aliout  3^  in.  from  the  midstemal  line. 

Tlie  hii/lipst  piiinl  of  the  heart,  the  loft  auricle,  is  at  the  lower 
border  of  tbe  stcrnjii  insertion  of  the  seconi!  rib.  The  upper  houndartj 
or  base  line  is  (lie  dividing  line  between  the  heart  and  the  great 
ves,sels  arising  from  it.  The  base  lino  passes  through  the  tops  of 
the  auricles. 


INSPECTIOX  217 

The  right  border  is  formed  by  the  right  auricle  (behind  tho 
sternum). 

The  inferior  border  is  formed  by  the  right  ventricle  and  apical 
f  portion  of  the  left  ventricle,  and  is  often  spoken  of  as  the  anatomic 
base  of  the  heart,  in  contradistinction  to  the  commonly  accepted 
clinical  base,  with  its  grrat  vascular  attachments. 

The  left  border  is  formed  exclusively  by  the  dei^per-seated  left 
ventricle. 

PosterwrUjy  the  base  of  the  heart  corresponds  with  the  level 
of  the  fifth  or  sixth  dorsal  vertebra,  the  apex  with  the  eighth 
vertebra. 

According  to  Broadbent,  a  diagonal  line  extending  from  the  junc- 
tion of  the  third  costal  cartilage  with  the  left  eijge  of  the  sternum 
downward  to  the  seventh  right  chondrosternal  artieiilaticm  represents 
the  usual  position  of  the  niiricuhn'rntrinilnr  srpfimi. 

Another  line,  passing  downward  from  inside  the  third  left  costo- 
chondral  articulation  to  a  ])oint  about  i  in.  within  the  apex  limit, 
corresponds  pretty  closely  with  the  course  of  the  interrcntricitlar 
septum. 

The  relations  which  the  diffrreni  parts  of  the  heart  hear  to  the 
chest  trail  uckihI  to  be  consiclerc»<l  also. 

Beginning  above,  the  roots  of  the  great  vess(»ls  lii»  directly  behind 
the  slerniim,  near  the  junction  of  tiie  thin!  lel't  costal  cartilage,  the 
origin  of  the  pulmonary  artery  being  almost  directly  in  front  of  that 
of  the  aorta. 

Viewing  the  uncovered  heart  in  situ,  one  discovers  the  lower  two- 
thirds  of  the  right  auricle  to  the  right  of  the  sternum,  the  upper 
third  behind  that  bone.  The  left  auricle  is  hi(l(h'ii  behind  the  right, 
except  at  its  tip,  which  may  be  seen  in  the  sr(  oiul  left  interspace 
close  to  the  sternal  edge.  The  right  rrntriclr  oeouj)ies  all  of  the 
remaining  triangular  space  anteriorly,  paitly  behind  the  sternum  and 
partly  to  the  left  of  it,  the  narrow  margin  of  tlie  Jrft  ventricle  ])ro- 
jecting  from  behind  the  right  at  its  left  border,  and  terminating 
forward  at  the  apex. 

Fofitions  of  the  Oreat  Vessels. — The  pulmonnri/  artery  arises  at 
the  level  of  the  third  left  sternoehondral  junction,  j)asses  upward 
close  to  the  left  edge  cf  the  sternum  for  nearly  2  in.,  to  end  behind 
the  second  left  costal  cartilage,  where  it  bifurcates.  The  aorta  (as- 
cending) begins  at  the  level  of  the  third  left  chondrosternal  articula- 
tion, and  takes  a  course  diagonally  ui)ward  across  the  breast-bone  to 
the  second  right  chondrosternal  articulation,  projecting  somewhat  into 
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the  Becond  interspace.  The  areft  of  the  aorta  lies  back  of  the  si 
its  traiLsvcriw  portion  croesing  at  the  lovol  of  tlie  Crsl  inlpreosii! 
cptu*;  posteriorly,  its  highest  part  rcachi-s  tlie  luvel  of  W\t  liiirt 
dorsal  vertebra,  The  aorta  niache*  the  spine  at  Ihf  fminli  "bral 
vrrtL'bra,  at  which  level  the  piitmonary  artery  aa<i  trachea  i«Hi 
hi  furcate.  ' 

nio  innominate  artery  arise*  opposite  the  first  iiitercoslal  spare 
lieJiind  the  li'ft  half  of  the  etermim.    It  a^«fiiul3  obliqaely  to  the  ri^lit     i 
iftcmoclavioular  articulation,  where  It  divides  into  tho  right  commcm 
carotid  and  8ul)clavian  arteries. 

Tlie  superior  vena  cava  lies  to  the  right  of  the  aortic  arcli.  aUiul 
J  in.  to  the  right  of  (lie  right  sternal  horder.  parsing  downward  fmin 
till'  firwt  costal  C!!rtilage  to  the  second  intercostal  apace. 

Relatioiu  of  the  Heart  to  the  Ltia^. — ^The  whole  of  the  anterior 
surface  of  the  heart  is  overlapped  by  lutig.  except  that  irregulnrly 
triangular,  almost  tjuadri lateral  i^paee  corresponding  to  the  lower  por- 
tion of  the  right  ventricle,  due  to  the  indentation  of  the  anterior  edpi 
of  the  left  lung.  It  may  be  well  to  recall  the  relations  of  the  lung 
margins  to  the  enveloped  heart.  The  anterior  borders  of  the  lung^. 
deseending  from  the  apices,  approach  each  other  until  they  almi^t 
meet  behind  the  middle  of  the  atemum  at  the  level  of  tlie  second 
riKtal  ciirliljifTc,  wlicnre  they  descend,  clo.'^ely  appot^cd  to  each  otber, 
to  (lie  fiiurth  clioiidral  level.  At  this  point  they  diverge,  the  right 
lung  border  passing  gradually  downward  and  outward,  to  cross  the 
lifth  cartilage  and  interspace,  and  meet  the  inferior  border  at  the 
sixlli  rib  in  Ihe  midclavicular  line;  the  left,  turning  abruptly  outward 
iit  the  fomlh  cimndra!  level,  passes  along  the  lower  margin  of  the 
same.  ob]i(|U('ly  crossing  the  fourth  interspace  near  the  parasternal 
line  (nhiiost  corresponding  to  the  eostoehondral  junction),  then  turn- 
ing t-lightly  inward,  like  a  reversed  letter  s,  and  again  downward  and 
outward  across  the  fifth  rib  and  interspace,  unites  with  the  inferior 
border  at  the  sixth  rib  as  on  the  right  side. 

Thus  the  boundaries  of  this  superficial  portion  of  the  heart  are 
as  follows:  the  upper,  at  the  lower  border  of  the  left  fourth  rib;  the 
right,  iK'twcen  the  middle  line  and  the  left  sternal  line;  the  left,  a 
little  outside  the  left  parasternal  line,  below  the  fifth  interspace, 
where  the  heart  overlap.*  the  left  lobe  of  the  liver.  It  is  this  portion 
of  the  heart  (right  ventricle)  in  contact  with  the  chest  wall  which, 
on  percussion,  gives  rise  to  the  so-called  area  of  absolute  or  super- 
firi^tl  cardiac  dulness.  Should  the  lung  here  completely  fill  the 
complementary  pleural  sinus,  this  relatively  exposed  region  of  the 
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heart  would  be  much  smaller  than  the  approximately  SJ  X  "^i 
in.  area. 

Pontioiu  of  the  Talra. — These  arc  pretty  close  together,  topo- 
graphically, bunched,  as  it  were,  near  the  junctions  of  the  third  and 
fourth  ribs  (left)  and  the  third  interspaeo  wilh  the  Ptornum.  The 
pulmonary  valve  point  is  the  most  superficial  and  superior,  the  tri- 
cuspid the  motit  inferior,  the  aortic  the  most  central,  and  the  mitral 
the  most  outer  and  internal. 

More  precisely,  Ihe  valves  may  be  located  according  to  the  follow- 
ing topography.    The  mitral  valve,  the  most  deeply  seated  of  all,  is 
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behind  the  left  half  of  the  sternum,  on  a  level  with  the  third  inter- 
space, fourth  cartilage,  and  fourth  interspace. 

The  tricuspid,  the  other  auricuhvenlricular  vahc,  lowest  in  situ- 
ation, is  behind  the  middle  of  the  lower  fourth  of  tlio  sternum,  corre- 
sponding to  the  fourth  and  fifth  cartilages  and  the  fourth  interspace. 

The  aortic  valve,  most  centrally  located,  lies  Iieliind  the  left  half 
of  the  breast-bone,  on  a  level  with  the  third  interspace  and  the  lower 
portion  of  the  third  costal  cartilage. 

The  pulmonary  valve  lies  in  front  of  part  of  the  aortic,  but  a 


little  higher  and  more  to  the  left;  iU  level  is  the  third  cartilagi^,  ud 
a  Qec'die  ptuJied  horizontally  ihruugh  tho  third  left  chondrostenial 
junction  would  about  penetrate  thp  middle  of  the  pulmonary  orifice. 

A  stethnBcope,  with  a  chest  piece  a  little  over  I  in.  in  diameler, 
placed  with  its  outer  edge  coinciding  with  the  loft  sternal  margin  and 
its  upper  and  diamutrically  lower  liniils  corresponding  to  the  levels 
of  the  middle  of  the  third  and  fourth  costal  cartilages  respectively, 
will  include  a  portion  of  all  four  valves.  But,  as  will  lje  pointed  out 
lator,  under  auscultation  these  anatomic  surface  landmark^:  do  not 
correspond  to  (he  areas  at  which  the  sounds  produced  by  valve  closure 
are  usually  best  heard. 

Furthermore,  the  chest  outlines  of  the  heart  varj-  sonicwliat  in 
health  owing  to  its  normal  mobilittf,  swinging  m  it  may  from  rijiht 
to  left,  up  and  down,  forward  and  backwani.  from  its  base  witli 
vascular  attachments.  This  may  result  from  posture  and  from  re- 
spiralvnj  movement,  the  changes  affecting  the  outer  lx>rder  and  apei 
principally.  The  left  lateral  and  dorsal  positions  are  most  apt  to 
alter  the  relation  of  the  heart  to  tlie  oxtenial  landmarks.  The  more- 
ments,  upward  and  downward,  of  the  ribfi  and  diaphragm  rhythmic- 
ally affect  the  upper  and  lower  boundary  relations  only  with  forced 
respiration,  for  which  due  aliovvaiifi'  mny  be  made. 

Age  is  a  factor,  also,  in  that  with  children  the  heart  is  about  one 
rib  higher,  and  haw  a  trifle  more  surface  in  contact  with  the  chest  wall 
because  of  less  volume  of  overlapping  lung  proportionately.  On  the 
other  hand,  in  the  aged  the  heart  moves  lower  down,  so  that  its 
inferior  limit  corresponds  with  the  lower  border  of  the  sixth 
rib,  or  even  the  sixth  interspace.  On  account  of  the  increased 
volume  of  lung,  however,  a  smaller  portion  of  the  heart  is  parietal. 
pro|iortionat(;ly,  than  during  the  early  and  later  middle  years 
of  life. 

The  Precordium.— From  the  preceding  data  of  the  clinical  anat- 
omy of  the  heart,  it  will  appear  that  practically  all  of  the  physical 
signs  referable  to  diseases  of  this  organ  occur  within  a  limited,  rather 
definite,  area  of  the  chest  wall — the  precordium.  This  precordial 
space,  for  ordinary  purposes,  constitutes  a  somewhat  arbitrary  rectan- 
gular area  whose  upper  boundary  is  the  second  rib;  its  inner  boundary, 
a  vertical  line  1  in.  to  the  right  of  the  right  border  of  the  sternum; 
its  oilier  bonndary,  a  vertical  lino  coinciding  with  the  left  midclavicu- 
lar or  nipple  line;  its  hirer  boundnnj.  parallel  with  the  horizontal 
ujipcr,  and  passing  througli  the  sixth  rib  at  the  level  of  intersection 
with  the  preceding  or  mammillary  line. 
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METHOD   OF   INSPECTION    OF  THE   HEART 

As  in  the  examination  of  the  chest,  as  a  whole,  with  a  view  to 
ascertaining  the  physical  signs  of  piilinouary  diseases,  so  here  it  is 
essential  for  satisfactory  results  that  the  wliole  j)recor(lial  and  sur- 
ronnding  area  he  exposed  to  vision  under  hoth  direct  and  ohlique 
light — preferahly  daylight.  For  accuracy,  the  patient  should  he  ex- 
amined in  lx)th  the  sitting  or  standing  and  seinirecund)cnt  positions. 

In  the  inspection  of  the  j^rccordiuni  \vc  observe  this  region  as  a 
whole;  then  anv  of  its  individual  constituent  features.     The  normal 

* 

chest  shows  the  slight  flattening  over  the  sternal  area,  and  a  symmet- 
rical fulness  of  the  two  sides  and  of  the  rlivthinical  re<i)iratorv  rise 
and  fall;  between  the  fifth  and  sixth  ribs,  about  '3  in.  from  the  left 
(xlge  of  the  breast-bone,  a  slight  thrusting  movcMuent,  hardly  more 
than  i  in.  in  diameter,  is  visible.  IMiese  impuNes  average  about 
four  to  one  res])iratory  movement.  In  some*  bealtliy  individuals  the 
precordium  is  a  trifle  fuller  than  the  corresponding  region  on  the 
opposite  side,  occasionally  due  to  greater  muscular  development  in  a 
left-handed  {Kjrson.  Just  as  often,  perhaps,  if  not  more  so,  this  area 
shows  a  little  flatter  aspect  than  on  the  rigbt  side.  In  numy,  also, 
a  slight  pulsation  may  be  seen  in  tlu*  epigastrium,  just  below  the 
tip  of  the  ensiform  cartilage,  especially  after  exertion  or  during  a 
certain  amount  of  mental  activitv  or  emotional  excitement. 

We  study:  (1)  Abnormal  prominnire  or  depression  of  the  precor- 
dium; (2)  ahnormal  pulsations  within  or  near  the  borders  of  this 
space;  (3)  most  important  of  all,  the  npex-hrnf. 

(1)  The  Precordium  and  its  Adjacent  Areas  in  General. —  (a) 
Undue  Prominence. — This  is  the  mo>t  common  change  in  tlie  form. 
Allowance  must  be  made  for  alterations  not  canliac  l)ut  costal  or 
inflammatory  in  origin.  Thus,  such  malformations  as  may  be  asso- 
ciated with  spinal  curvature,  rickets,  fractures,  bony  and  cartilaginous 
hypertrophies,  and  tumors  and  the  like  must  bo  differentia  ted.  The 
same  is  true  with  regard  to  the  unilateral  or  local  bulgings  due  to 
pulmonary  or  pleural  diseases. 

Of  strictly  cardiac  causation,  the  most  common  source  of  ahnormal 
precordial  fulness  is  enlargement  of  the  organ — that  condition  of 
combined  thickening  of  the  walls  and  increase  of  chamber  capacity 
known  as  hypertrophic  dilation  of  the  heart.  The  degree  of  bulging 
is  usually  quite  moderate,  and  distinctly  more  noticeable  in  childhood 
with  its  thinner,  yielding  thoracic  walls.     In  adults,  especially  those 
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pasl  iniddlo  life,  only  the  grealeet  tnlargemcaU  of  Uic  h«ort  cauw 
iiiurkvtl  prfeordini  bitlging,  provided,  as  a  rule,  that  tlie  tttiiililioe 
is  one  of  long  standiug.  A  moderate  or  slight  bulging,  therefore, 
limited  to  the  lower  half  of  the  precordial  space,  but  unaccompanied 
with  a  filling  out  of  the  contained  interspaces,  occurring  Pftpecially 
in  a  person  who  lias  not  reached  middle  life  and  who  cotnplains  oJ 
breafhlessness  on  a  little  exertion,  is  in  itself  significant  of  Ihc  probi- 
bility  of  cardiac  hy{)ertrophy  due  to  some  val\Tilar  lesion. 

When  the  alteration  of  the  form  of  the  precordinm  is  more  gai- 
erai,  the  prominence  more  marked,  and  unini^akable  fulnew  of  tbe 
intercostal  spaces  also  evident,  it  points  to  the  presence  of  a  peti' 
cardial  effitsitm.  Of  course,  this  prw'ordlal  swdling  is  noticeaMc 
not  BO  much  as  an  independent  as  a  comparative  sign — the  fact  lluit 
it  docj  not  extend  beyond  the  etcninm,  to  the  right ;  that  it  is  ushhUt 
seen  farther  to  the  left — ^beyond  the  nipple  line;  farther  down— to 
the  sixth  interspace  at  times;  and  higher — to  the  third,  eren  *econi! 
interspace  in  seven?  cases,  than  where  enlargement  of  the  hejirl  is 
the  cause.  Also,  the  younger  the  patient  the  more  prominent  the 
effect  of  a  pericardial  effusion  upon  the  precordial  shape. 

Local  bulgings  above  the  fourth  rib  ore  almost  invariably  aneu- 
rismal.  It  is  considered  quite  characteristic  of  aneurism  of  the  in- 
nominate artery  to  find  a  rounded  swelling  in  the  suprasternal  notch 
and  behind  the  right  sternoclavicular  articulation,  the  sternal  end  of 
the  collar-bone  being  even  dislocated  forward  in  some  cases,  and 
pulsating.  Bulging  in  the  first  and  second  right  interspaces  near  the 
stermit  uuirgin.  or  of  tbe  manubrium  and  second  and  third  costal 
cartihiges  on  biilb  sides,  indicates  pressure  and  erosion  from  aneurism 
either  of  ihc  ascending  or  transvei-se  aortic  arch, 

(b)  AiiNOiiM.vi.  1>KI*UES8I0N  OF  THE  PRECOBDiUM  Ib  sometimcs 
seen.  Aside  from  flic  collateral  effect  of  scoliotic  or  rachitic  deformi- 
ties of  the  Ihora.x,  and  of  unilateral  chronic  pleural  adhesions  with  or 
without  an  old,  left-sided  empyema,  a  portion  of  the  precordium  may 
l>e  sunken  because  of  adherent  poricardium  following  chronic  peri- 
carditis. Tbe  su})erjacent  pleura  nmy  also  he  attached  to  the  region 
of  adhesion  of  the  visceral  and  parietal  layers  of  the  pericardium, 
thus  aggravfiling  the  rctriicted  area. 

(2)  Abnormal  Precordial  Fulsations. — Apart  from  the  normal 
and  abnormal  apex-boat  (to  be  considered  under  the  next  article),  all 
olher  [ircc'irdinl  pulsations  visible  (or  palpable)  are  adventitious — 
abnormal— and  more  or  less  significant  of  cardiac  derangement,  aortic 
disease  (aneurism),  or  adjacent  pleuropulmouary  disease. 
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(a)  At  the  Base  and  Boudeus  of  the  Heart. — Pulsations  here 
may  indicate  aortic  aneurism^  enlargement  of  the  heart  (auricles),  or 
exposure  of  the  aorta  and  pulmonary'  artery  from  shrinking  of  the 
lungs  due  to  fibroid  phthisis  or  chronic  pleurisy  with  adhesions. 

Many  of  these  pulsations  are  more  evident  when  viewed  at  an 
angle,  as  from  the  side  of  the  patient's  bed.  Tlie  natural  visibility 
of  new  pulsations  and  their  rhythmical  relation  to  tlie  apical  impulse 
may  be  determinwl  and  confirmed  with  greater  aeeunicy  by  such  avail- 
able artificial  means  as  the  following:  Balfour  attaches  a  short  bristle 
carrying  a  tiny  j)aper  flag,  by  means  of  a  pellet  of  beeswax,  to  the 
skin  over  the  pulsation  whose  time  in  the  cardiac  cycle  (systole  or 
diastole)  is  to  be  dctermineil,  and  a  similar  ibig  is  placed  over  the 
apex-beat;  the  conse(|Ucnt  exaggeration  of  these  piilsaticms  in  the 
movements  of  the  Hair  extremities  enables  the  ev<'  to  detect  more 
positively  the  slight  or  doubtful  new  pulsations,  as  well  as  to  dis- 
criminate any  ditfcrence  in  time  in  the  movements  of  the  flags.  An- 
other method,  simpler  and  readier,  is  to  pull  bits  of  absorbent  cotton 
into  slender  cones  2  or  3  in.  long,  then  apply  their  bases  to  the  skin 
over  the  pulsating  spots,  previously  touched  with  mucilage  or  thick 
ointment  (Butler).  The  expansile  (aneurismal)  character  of  a  pid- 
sation  may  also  l>e  notcKl  by  placing  indicators  on  diametrically  oppo- 
site sides  of  the  pulsating  tumor,  and  observing  the  divergence  and 
convergence  of  their  tips  with  expansi(m  and  contraction  respectively. 

As  the  base  of  the  heart  is  coinpletely  covenul  by  lung,  as  it  moves 
backward  with  each  systole,  and  as  its  iin])ulM»  is  transniitied  wiib 
difficulty,  also,  because  of  the  resistance  and  thickness  of  the  ribs 
(including  the  pectoral  muscles  and  adipos(»  tissue)  in  tbal  region, 
any  hme  heat  here — that  is,  practically  above  the  level  of  the  fourth 
rib^must  mean  either  retraction  of  the  lungs,  eidargenHiil  of  one 
or  more  heart  chambers,  especially  in  children  with  thin,  clastic  chest 
walls,  or  some  dynamic  or  aneurismal  ad'cction  of  the  gnat  arteries. 

The  pathologic  significance  of  pulsations  occurring  in  parts  other 
than  the  apical  region  of  the  heart  may  now  be  dealt  with  seriatim. 

In  the  suprasternal  notch,  abnormal  pulsations  nuiy  be  due  to 
aneurism  either  of  the  innominate  artery  or  of  tbe  transverse  ])ortion 
of  the  arch  of  the  aorta.  I  have  witnessed  it  also  in  cblorotic  women 
with  soft,  flabby  arterial  walls  and  slow,  sluggish  heart  acti(m. 

Pulsation  in  the  right  first  or  second  intercosfnJ  spavr,  near  the 
sternal  border,  if  expansile,  s\'stolic  in  time,  and  accompanied  with 
some  swelling,  perhaps,  is  indicative  of  aneurism  of  the  ascending 
portion  of  the  aortic  arch.    If  the  expansile  character  of  the  pulsa- 
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i4. ShOWTMO   THU    TuniCATIOKH  TO  BB   OUTAlKEn    THOM  TfTC   POBtTION   O 

Ai-kx-Beat  and  OniEH  Thobacio  and  EpioABTnie  PttuATioNs.     /,  II.  Ill,  rv, 

V,  1'/  — pulsotioiw  of  iiortic  anourism  (urch),  niimbrrwl  in  order  n(  fmjiipney 
of  ofnlirrenne.      V'// —  innominale  aneurisni.      II —  vita  pulsatiun  of   puliaoiuiy 
•rttry  (uid   left  auricular   appmdixT).      I'-nlsio    pulKalioii   of    right    veo 
(and  Irft  nuririilar  appendix?),     o  -cordine  iiiipuUes.      +  — ancurismal  j 
tjona.      e-bolh.      (Butler.) 

auricle   (presystolic  in  time),  which  is  usually  dilated  becausefl 
aecondary  tricuspid  regurgitation  in  such  instances. 

Pulsations  in  the  right  ihird.  fourth,  and  fifth  interspaces,  i 
the  right  parasternal  nr  midclavicular  lines,  are  the  result  of  ( 
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placed  heart  to  the  right,  either  from  the  pulling  forces  of  right- 
sided  pleural  and  pulmonary  adhesion  and  retraction  or  the  pushing 
effects  of  a  large  liquid  pleural  effusion,  or  of  a  pneumothorax  on 
the  left  side. 

Pulsation  over  the  manubrium  indicates  eroding  aneurism  of  the 
innominate  artery,  or  of  the  transverse  portion  of  the  arch  of  the 
aorta. 

Pulsations  detected  in  the  left  second  or  third  inier.^pace,  close  to 
the  margin  of  the  breast-hone,  may  be  arterial  (pulnionarv),  anou- 
risnial  (aortic),  or  auricular  (left).  In  the  two  first  cases  the  pulsa- 
tions are  synchronous  with  or  follow  sli^xhtly  the  apex-beat;  in  the 
third  they  precede  the  apex-beat  a  trille.  If  then^  are  sinuiltaneous 
physical  signs  of  shrinking  of  the  left  lung,  or  of  enlargement  of  the 
heart,  the  pulsation  is  probably  due.  in  the  lirst  instance,  to  its  un- 
covered contact  with  the  walls  of  the  intersj)aces,  or  to  its  ready 
transmission  through  condensed  lung  structure  overlying,  and,  in  the 
second  instance,  to  a  markedly  dilated  and  engorged  left  auricle  or 
eonus  arteriosus  of  the  pulmonary  artery,  as  is  found  in  mitral  steno- 
sis. Aneurismal  pulsation  in  this  region  would  mean,  obviously, 
involvement  of  the  descending  aorta. 

Pulsations  in  the  third,  fourth,  and  fifth  inlfrspan's,  between  the 
left  edge  of  the  sternum  and  the  left  ])arasternal  line,  are  due  to 
hypertrophic  dilation  of  tbe  right  ventricle,  or  to  the  very  rare  aneu- 
rism of  the  ventricular  wall. 

Pulsations  in  the  third  and  fourth  iHfrrsparrs,  in  or  sligbtly 
outside  the  left  midclavicular  line,  usually  mean  a  dispbued 
apex-beat. 

Occasionally  a  double  impulse,  acconii)anyinLr  witli  more  or  less 
regularity  each  systole,  has  been  observed  (Muttinann,  Leyden,  and 
others).  It  occurs  in  aggravated  cases  of  mitral  insunici(?ney.  and 
arises  from  the  non-coincidenee  of  the  eontraciions  of  the  ventrieles. 
The  pulsation  in  the  carotid  artery  corresponds  with  the  first  of  tlie<e 
strokes  only. 

Extent, — The  wider  the  area  of  im])uls(^  over  tbe  ])recordium — 
that  is,  one  diffused  broadly  in  two  or  three  inters])aee< — the  greater, 
as  a  rule,  the  hyj>ertrophy  of  the  heart.  T^nless  the  heart  is  displaced 
to  the  left,  however,  the  pulsations,  do  not  extend  bevond  the  left 
mammillarv  line.  In  cases  where  the  chest  wall  is  verv  thin  and 
flexible,  the  pulsation  may  be  quite  diffused  even  with  a  normal  size 
of  the  heart,  particularly  if  its  action  is  excited  and  the  overlying 
lung  thin  or  retracted. 
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(6)  Systolio  Retraction. — Before  taking  up  the  extrscardiu: 
Iwrdor-lini'  pulsations,  this  preconiial,  rhythmical  sinlcmg  in,  iiutesd 
of  thnistinp  out.  may  be  fonsidercd.  U  affects  usutiliy  tho  third, 
fourth,  and  fifth  interspaces  on  the  left  gide,  over  tlio  ijoily  of  the 
lii'iirt,  around  the  apex-beat,  and  the  left  xipliiwhondral  angular  spare. 
Ha  sifrnifiiiiiRv  is  adkenivF  prrirtinlitis. 

(<■)  llROAnnEST's  SiON.^A  systolic  reeession  of  the  tenth  ami 
eleventh  internpai^s,  below  the  inferior  angle  of  the  »-apn1a.  was 
descrilwd  by  Sir  William  Broadbent  as  a  nign  of  udhun'iit  IH'^if«^  i 
dium.  It  is  seen  in  thin  or  omaciate<l  individimls.  It  is  i-xjilaineJ 
as  the  result  of  a  drawing  upon  the  diuphrngin  hy  a  hypt-Tlrophied  I 
tmd  vigimiuiily  ueting  hejirt.  It  is  conceivably  an  cxagKoration 
of  the  normal  hut  invisible  slight  pull  which  thi'  hwirt  makes 
during  sysliilu  ufMui  the  tvutrnl  tendon  of  the  diaphragm.  Broad- 
Irent'H  eign  is  not  limited  to  an  indication  of  exU-nsivo  porii-ar- 
diftl  adhesions,  however,  as  it  is  somutimes  prencnt  in  eases  of 
marked  cardiac  hypertrophy  without  the  least  suspicion  or  evidence 
of  these. 

Pulsation  near  the  left  border  of  the  heart  may  be  dne  to  a  "  pul- 
sating empyema"  (etnpyema  ftalfana)  lying  cltwe  thereto,  the  prob- 
ably tense  collection  of  pus  transmitting  the  heart's  impulse  to  the 
adjiieont  interspaces. 

Similiirly,  a  perc-epliblc  pulsation  may  be  seen  in  this  region  in 
certain  cases  of  malignant  vascular  tumor  of  the  lung. 

.'\f;ain,  hcpalizi-d  lung,  ns  in  lobar  pneumonia,  may  convey  (o  the 
surfjice  of  the  chest,  in  the  neighborhood  of  the  heart,  visible  fine 
pulsiitnry  movements  or  thrills  wherever  it  may  happen  to  be  in  inti- 
miile  ciiriliict   with  Ibe  hitter  organ. 

((I)  Ki'iUAHTiiiC  1'fr.sATlON. — A'cry  important  is  the  occurrence 
of  almormal  piil-ation  in  this  extracardiac  region,  bounded  by  the 
eosinclinnilrat  titles  of  the  epigastric  angle  forming  at  the  xiphoid 
eiirtibige.  A  throl)bing  pulsation  in  the  epigastrium  may,  however, 
be  the  simple,  temporary,  physiologic  result  of  emotional  excitement 
or  shiirp  physieal  e.vereise,  as  a  run  u))  a  flight  of  stairs  just  previous 
to  c'Xiiminiition.  Pathologic  epigastric  pulsations  have  as  more  or 
less  proliiible  causes  ihe  appendei!  conditions:  cardiac,  vascular. 
hepatic,  neiiplastic,  neurotic. 

In  tlie  first  place,  when  epigastric  pulsation  is  associated  with 
ahseriee  of  the  iipex-bent  in  its  nortmd  position,  the  jmssibility  of 
displnceniciit  of  the  heart  should  be  eonfinned  by  the  other  melhods 
of  examination. 


INSPECTION  227 

Hypertrophy  and  dUaUon  of  the  fight  ventricle  is  the  most  oommon 
cardiac  cause  of  epigastric  pulsatioiu  In  such  cases  the  impulse  is 
sjstblic  in  time.  The  left  Tentride  being  pushed  back  by  the  en- 
larged right  Tentride,  the  latter  communicates  its  pulsation  to  the 
lower  part  of  the  sternum,  and  to  the  left  lobe  of  the  liver  where  it 
lies  against  the  tissues  of  the  wall.  This  epigastric  pulsation  from 
dilated  right  ventricle  may  be  due  to  emphysema,  the  heart  being 
displaced  laterally  toward  the  breast-bone,  and  downward  upon  the 
diaphragm,  both  because  of  the  crowding  effect  of  the  dilated  lung 
and  of  the  increased  bulging  and  weight  of  its  own  enlargement,  the 
strain  upon  the  right  ventricle  in  emphyscMua,  on  account  of  the 
diminished  caliber  of  the  pulmonary  capillaries,  being  a  well-known 
pathologic  fact. 

In  hypertrophic  dilation  of  the  right  ventricle,  also,  secondary  to 
obstruction  or  incompetency  of  the  mitral  valve,  particularly  when  the 
tricuspid  orifice  leaks  because  of  the  extreme  dilation,  epigastric  pul- 
sation is  commonly  noticed.  This  is  augmented  by  a  pulsating  liver 
in  the  same  region,  the  systolic  impulse  of  the  regurgitation  through 
the  vena  cava  inferior  being  transmitted  also  through  the  engorged, 
swollen  liver  of  secondary  venous  congestion. 

Epigastric  pulsation  may  be  caused  by  aneurism  of  the  ahdominal 
aorta,  the  expansile  throb  being  transmittcKl  through  the  left  lol>e  of 
the  liver;  or,  if  the  aneurism  is  a  large,  sacculated  one,  the  pulsation 
may  be  conveyed  direct  to  the  surface  from  under  the  edge  of  this 
organ. 

Frequently,  in  neurotic  and  neurasthenic  individuals,  especially 
in  persons  with  comparatively  empty  abdomens,  witli  thin,  emaciated, 
or  relaxed  (as  in  women  who  have  undergone  several  pregnancies) 
ftbdominal  walls,  an  exaggerated  aortic  impulse  in  the  epigastrium  is 
plainly  visible.  A  dynamic  pulsation  here  may  result,  also,  from 
hypertrophy  of  the  left  ventricle;  from  cardiac  excitement,  in  anemia 
after  hemorrhage,  in  young,  hysteric  females,  and  during  the  climac- 
teric; in  old  persons  of  both  sexes  who  may  be  arteriofibrotic  or 
nenrasth^iic;  and  from  the  reflex  effects  of  gastro-intestinal  digestive 
disorders^  movable  kidney,  etc. 

The  rhythm  of  the  aneurismal  and  functional  aortic  epigastric 
pulsations  is  an  instant  later  than  the  cardiac  impulse  (postsystolic). 

Any  tumor  overlying  the  aorta  in  the  epigastric  region  may  com- 
mnnicate  a  pulsation.  Thus,  a  pyloric  cancer  of  the  stomach,  a  pan- 
creatic or  hepatic , growth,  or  enlarged  lymph-glands  (tubercular) 
may  so  act,  enept  when  the  patient  assumes  the  knee-chest  position 
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sii  iij  1.1  allow  ilic  luini>r  Id  full  uway  from  rIasL-  fonlarl  Willi  ihi; 
aorta. 

{e)  A  SYSTOLIC  RECESSION  of  the  epigastrium  often  ftccompanies 
chronic  adhesive  mediastino-pericarditiB,  Here  the  movement  is  the 
reverse  of  the  ordinary  epigastric  pupation — a  systolic  retraction  in- 
stead of  a  systolic  tiirust  outward.  Sometimes  tlie  pericarditis  has 
heen  so  extensive  that  the  combined  epigastric  and  lower  pri'conlial 
pulsations  produce  an  undulatory  movement  which  may  be  confusing 
as  to  actual  time  of  occurrence  in  the  heart's  cycle  unless  they  are 
carefully  and  discriminatingly  compared  with  the  apex-beat,  the 
epigastric  and  intercottlal  doprossions  and  apical  impulse,  of  course, 
being  synchronous  in  systole. 

(3)  The  Apex'Beat. — In  studying  Iho  apex-beat  wc  note  the  fol- 
lowing points  by  inspection:  (a)  The  potUion  of  the  impulse;  (b)  its 
extent;  {c)  its  strength;  {d)  it«  rhyihm.  Tiie  strength  and  rhylhm 
of  the  apical  impulse  may  be  roughly  estimatctl  by  the  eye,  but  nwd 
to  Ik3  verified,  modified,  and  corrected  by  the  employment  of  palpation. 

These  factors  presupirasc  the  visibility  as  well  as  tangibility  of  the 
apex-beat.  But  negative  evidencu  as  to  the  pulsation  is  not  neces- 
sarily important  from  the  clinical  EUadpoint.  For  example,  in  ver}' 
fat  and  muscular  people  the  alifcnee  of  the  apcx-hcat  may  he  ijuiie 
consistent  with  the  thick  parietes.  Again,  the  apex  may  happen  to 
thrust  behind  a  rib  in  a  perfectly  healthy  individual  with  a  variation 
of  the  anatomic  relations. 

(a)  Position"  of  the  Caiidiac  Impulse. — While  the  normal  posi- 
tion of  the  cardiac  impulse  is  commonly  referred  to  as  the  apex-beat, 
it  is  actually  the  portion  of  the  heart  inside  the  true  anatomic  apex 
that  strikes  the  chest  wall.  However,  with  each  systole  or  contraction 
of  the  ventriek'.-i,  a.  pulsation  representing  the  outermost  and  lower- 
most point  of  discernible  cardiac  movement  is  seen  normally  in  the 
fifth  interspace,  about  ^  in.  inside  the  left  midclavicular  or  nipple 
line,  or  about  2^  to  3  in.  from  midsternum.  This  rhythmical  impulse 
is  confined  to  the  ^'ame  interspace,  its  lateral  extent  being  usually 
less  than  1  in.  The  character  of  the  pulsation  is  simply  a  gentle 
outward  movement  and  recession,  having  a  regular  rhythm  corre- 
sponding' in  time  with  the  carotid  pulse. 

There  arc  several  normal  rarialions  in  the  location  of  the  apex- 
beat.  'I'lius,  in  children  under  six  years  of  age  it  is  found  behind 
the  fifth  rib.  or  in  the  fourth  interspace;  in  the  very  old  it  pulsates 
in  the  sixth  interspace,  and  often  relatively  nearer  the  median  line 
than  in  the  young.     In  persons  with  siiort,  broad  thoraces,  also,  the 
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cardiac  impulse  may  \)C  seen  in  the  fourth  interspace;  in  the  sixth  in 
those  with  long,  narrow  chests. 

Posture  atlects  the  position  of  tlie  pulsation,  in  that  lying  cm  the 
left  side  causes  it  to  l)e  seen  toward  the  axilla,  from  1  to  2  in.  to 
the  left.  The  recuml)ent  position  renders  the  beat  less  visible  than  the 
upright.  A  right-sidc^l  shift  of  the  impulse,  although  not  so  marked, 
can  be  observed  when  the  individual  lies  upon  the  right  side. 

Respiratory  movrmcnt  modifies  the  j)()sition  of  the  apex-heat. 
During  a  full  inspiratirm  one  can  notice  the  impulse  lowered  an  in- 
terspace, even  producing  an  epigastric  pulsation;  with  the  exj)iratory 
rise  of  the  diaphragm  it  again  apjjears  above  the  sixth  rib,  and,  if 
the  effort  is  forced,  slightly  to  the  left  as  well. 

Distention  of  the  stomach  after  a  full  meal,  or  marked  flatulence, 
pregnancy  also,  may  cause  an  ujnvanl  movement  of  the  aj)ex-beat. 

The  pat/u)lof;ir  causes  of  dis]>lacement  of  the  aj)ex-bcat  may  be 
summed  up  beforehand  as  rardmr,  jicricnrdldK  or  rj-frmnl.  The 
direct  plij/sical  causes  an*  also  three,  in  themselves  the  result  of  the 
o]>eration  of  the  preceding;  these  are  rnlari/rintnf  of  (he  heart,  dislu- 
cation  of  the  hearf,  an<l  <lefortnifi/  of  the  ch«'sf.  Apical  <lisplacements 
mav  be  classified  convenient Iv  acconlin*:  to  tlieir  direction,  whether 
upward  or  downward,  to  the  riglit  or  left. 

(1)  i'pirard,  or  I' pirard  and  ft,  fhr  /.'/V.— The  commonest  causes 
of  upward  displacement  of  tlie  ajjcx-ln-at  are  inlra-alxlominal  enlarge- 
ments. These  nuiy  include  asrUrs  (alxlominal  <lroj)-v):  nichnrisfn, 
as  from  {M'ritonitis :  hn'(/e  ahdotninal  hi  mors  of  various  kin<ls.  In 
these  conditions  the  apex  is  pusln.Ml  upwar<l,  an«l  in  exireme  instances 
even  slightly  to  the  left  at  the  same  time.  In  ilie  al>^e?ice  oji  abdom- 
inal  distention,  an  ajjical  impulse  foun*!  in  the  fourth  or  third 
interspace,  and  more  decidedly  to  the  left,  associate(l  with  gtMieral 
prwordial  fulness,  is  due  to  perieardial  rfjiisinn.  Although  the  dis- 
hx-ation  is  also  higher  than  from  abdominal  eauM's.  the  impid>e  is, 
however,  less  distinctly  visible  because  of  the  inter])ost<l  litjuid. 

An  upward  pulling  force  upon  the  heart  sometimes  occurs  from 
retraction  of  the  upper  lobe  of  the  left  lung  alfected  with  fibroid 
phthisis.  In  deformity  of  tin;  thorax  ])roduced  by  spinal  curvature, 
as  from  scoliosis  or  kyphosis,  we  may  find  the  a])ex-beat  in  the  fourth 
interspace. 

(2)  Downward,  or  Downward  and  to  fhr  Left. — T^ndoubiedly  the 
variety  of  displacement  most  fnwjuently  encountered  is  that  of  hyper- 
trophy and  dilation  of  the  heart,  especially  of  the  left  ventricle — 
simultaneous  projtKition  (h)wn  and  to  the  left.     Tlu^  more  the  dis- 
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placcniciit  linwnmird  rather  than  to  Ihc  left  the  {[reater  the  pr«domi- 
nanwi  of  Icfl  than  right  VL-ntrifiiUr  wilnrg(Hmerit,  and  of  hviwrtrophj 
over  dilation,  particulurl^  when  the  apical  impuW'  i^  apparentiy  for- 
cible and  circ-umscrih«i.  The  latter  may  l>e  det«'tt<d  in  the  siitli 
interspace,  J  to  2  in.  outwde  the  midelavicnlar  line,  or  in  exceptionill)' 
extreme  eases  as  far  as  the  eighth  interspace  and  in  the  midaxillnrv 
line. 

Simple  downward  dislocation  of  the  apex-heat  may  bJbo  be  pamA 
by  umurism  of  the  aortie  arch,  pressure  of  mrduistimil  naliil  growths, 
thoracic  deformity,  marked  emphyiiema,  and  downward  traction  upon 
tho  uentral  tendon  of  the  diaphragm  by  an  enlarged  liver ;  sometimes 
by  moderate- sized  pleural  effuKioii  on  the  left  side,  or  a  j)yopneiiiuo- 
thorax — to  less  degree, 

(3)  To  the  Left. — Pispiftfements  to  the  left  which  are  simuUatie- 
ously  downward  or  w|iward  have  already  been  considered.  Therv  re- 
main those  which  aru  practically  horizontal  in  direction.  Pleural 
conditions  which,  on  the  rigiit  side,  push  the  heart  to  the  left,  or 
which,  on  Oie  left  sidti,  pull  it  to  the  left,  displace  the  apex-beat 
ac(«>rdingly.  Thus,  a  pleuritic  pffiuiion  or  pneumothorax  on  the  right 
aide,  or  the  retraction  of  txtensive  plevritic  adhegiong,  with  or  with- 
out chnmio  fibroid  ponlroclion  of  the  left  Inrtg,  may  so  act  respectively. 

a|H'\-bciit  merely  to  the  left,  namely,  hifperlropliy  and  (lilalioii  of 
Hie  rii/ht  rrntrirte;  the  apfx-lrt'at  is  found  usually  in,  or  very  slightly 
oiitsiilo.  Ilie  Hianimillary  line,  in  the  fifth  interspace. 

(4)  Til  llir  liii/ht. — Dijiplacenicnt  of  the  apex-beat  may  bo  caused 
by  a  i-eviTMil  of  t!u;  thoracic  cDiulitions  nientione<l  in  the  prccediug 
paragraph.  Thus,  tvfl-siiled  plniral  effimon  or  pneumothorax,  or 
rif/hl-xiiled  adlirfire  plnirUy  and  fibroid  contractions  of  the  lung  pro- 
duce such  displacement.  The  npo.\-beat  may  be  discovered  in  the 
epigastric  region,  in  the  angles  formed  by  the  ensiform  cartilage  and 
tbe  right  and  left  rib  borders.  In  extreme  cases  it  may  he  seen  in  the 
fourth  and  tiftli  interspaces,  at  the  right  edge  of  the  sternum.  At 
llie  wime  liiui',  [lulsation  nuiy  be  noticed  as  far  to  the  right  as  the 
ni])j)tc  line,  !iut  tins  is  referable  to  the  right  auricle  and  ventricle. 
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Hypertrophy  and  dilation  of  the  heart,  down  and  to  the  left. 

Pericardial  effusion,  up  and  to  the  left. 

Chronic  pleural  and  phthisical  affections,  ri<?ht  or  left. 

Emphysema,  down  and  sometimes  to  the  right. 

Pressure  of  subdiaphragmatic  conditicms,  u[)  and  sometimes  to 
the  left. 

Pressure  of  aneurism  or  nunliastinal  growths,  downward. 

{b)  Abnormal  Kxtkxt  of  tiik  Aimcal  Impvlsk. — Alteration  in 
the  extent  of  the  apical  impulse  needs  to  be  diseriminatod  carefully 
from  an  impulse  near  by,  due  to  the  body  of  tlu*  heart,  as  a  hyper- 
trophied  right  ventricle.  In  instances  of  the  former,  the  wavy,  cyclic, 
intercostal  nn-ession  is  usually  found  extending  to  the  left  of  the 
actual  apical  thrust  (as  determined  better  by  ])alpation),  whereas,  in 
the  latter,  the  movement  is  confined  within  the  anatomical  limits 
of  the  heart;  indeed,  often  to  that  area  witliin  the  left  parasternal 
line  which  is  uncovered  by  lung.  In  markiMl  downward  and  outward 
displacement  of  the  apex,  not  infrequently  a  eonjoined  precordial 
pulsation,  due  to  mass  and  apical  movement  of  the  heart,  may  be 
witnessed,  as  in  cases  of  greatly  enlarged  heart  (bovine  heart,  cor 
boviis),  the  result  of  prolonged  regurgitation  from  insufficiency  or 
leakage  of  the  aortic  valve. 

A  systolic  retraction  of  the  interspaces  around  the  apex-beat 
should  also  not  be  confounded  with  mere  increased  area  of  apical 
pulsation.  This  does  not  mean  that  the  ap<'.\  retracts  instead  of 
thrusts  forward  with  ventricular  contraction,  l)ut  that  ])ericardial 
adhesions  exist  in  such  relation  to  the  ap(\\  that  they  are  drawn  upon 
during  systole,  or  that  the  sinking  in  of  the  inlei-spaces  is  due  to 
atmospheric  pressure  from  without,  induced  by  negative  pressure 
within  the  chest  because  of  the  vigorous  action  of  a  heart  in  hyper- 
trophic dilation. 

The  extent  of  apical  impulse  may  \)o  abnornuil  in  three  ways:  it 
may  be  increased,  dimhmhvd,  or  it  may  be  nhscfil  totally. 

(1)  Increased  extent  oi  (ijiQx-hi'iii:  is  almost  always  associated  with 
increased  force,  either  actual  or  relative,  and  with  displacement.  As 
increased  strength  of  beat  can  be  estimated  best  by  touch,  and  only 
inferred  by  sight,  its  relation  to  extent  will  necessarily  include  so 
much  as  can  be  gained  by  palpation  as  Avell  as  by  inspection,  if  partial 
statements  are  to  be  avoided. 

At  the  outset  it  may  be  set  down  that  an  impulse  in  the  fifth  inter- 
space more  than  1  in.  (2^  cm.)  in  breadth  is  abnormal.  A  slight  or 
moderate  increase  in  the  area  of  apical  pulsation,  in  the  fifth  or  sixth 
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w  outi^ide  the  left  midclavicular  lioe,  indicBten  hyper- 

iinent  of  the  heart,  especially  of  the  lefl  ventricle.     In 

cases,  where  the  inipiilt^e  involves  two  or  three  intcr- 

thc  inammillary   line — the  fifth,  sixth,  and  seventh, 

-   I  heaving  character  in  the  centur,  ehading  oil  to  a  fine, 

lar  the  periphery  of  the  movement,  points  to  the  massive 

>f  hypertrophy  over  dilation,  although  lioth  are  in  com- 

le  absence  of  a,  central  thrust,  howev»r,  and  n  etill  mom 

Dill  evidently  weaker,  impulse,  spreading  outward  rather  than 

ward,  with  slight  in-and-out  movement,  indicates  weakening  of 

3art  uiUBcIe  and  dilation  overcoming  hypertrophy,  at  least  tern- 

ranly.     In  other  word  n  mdition  exemplifies  tlie  fact 

Mflt  the  extent  of  the  api  ncreased  without  the  strengtli 

jing  increased,  and  that  t.  r  the  extent  the  weaker  is  the 

(ntricular  muscle  likely  to  he,  since  it  rolls,  glides,  slaps,  or  flops 

against  the  chest  wall  in  flahby  fashion  in  dilation.    The  more  cir- 

cumi:icril>ed,  although  yet  increased,  extent  of  apical  pulsation,  due 

to  predominant  hypertrophy,  on  the  contrary,  manifests  a  more  direct, 

concentrated,  plunging  thrust,  as  of  a  knuckle  of  a  hand  within  the 

chest. 

An  apex-heat  of  moderate  increase  of  extent  and  sirenglh,  with- 
out dislocation,  is  apparent  in  a  group  of  disorders  more  or  less  func- 
tional in  nature.  Here  may  be  mentioned  nervons  palpitation,  as 
from  emotional  excitement;  exophthalmic  ijottcr  (Basedow's  or 
Graves's  disease),  and  poisoning  by  alcohol,  tobacco,  tea,  coffee, 
strychnin,  etc. 

A  relative  increase  in  extent  of  the  apex-beat  is  found  in  cases 
of  marked  retraction  of  the  imigs — anterior  border.  Here,  also,  there 
is  no  displacement  of  the  position  of  the  apical  impulse  unless  there 
are  at  the  same  time  extensive  and  firm  pleuritic  adhesions. 

A  wider  area  of  apex  pulsation  may  he  seen  as  the  result  of 
simple  dilation  of  the  heart  from  the  weakening  of  the  ventricular 
walls  affected  with  fatty  degeneration,  cousw|uent  upon  severe  acute 
febrile  disease,  chronic  alcoholism,  and  the  like. 

It  should  be  borne  in  mind,  finally,  that  certain  normal  condi- 
tions may  give  rise  to  a  comparatively  increased  extent  of  apical 
pulsation.  Such  may  Ik: — temporarily,  of  course — the  jwsture,  as  when 
the  individual  leans  forward ;  thin  chest  walls,  as  in  cJiildrcn ;  physical 
exertion  or  mental  e.vcitement,  and  at  ihc  end  of  deep  expiratory 
efforls.  As,  afler  violent  physical  exercise — athletic,  occupational,  or 
inciilental  to  the  modern  rush  for  scheduled  trains,  and  so  on — a 
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tnnnent  aeate  dilitioa  of  the  heart  may  ensuey  with  conseqaent  in- 
OBued  ana  of  cardiac  and  apical  impnlfie,  with  slight  displacement 
of  the  latter  to  the  kft^  a  proper  estimate  as  to  the  actual  condition 
of  the  heart  can  be  made  only  when  it  is  examined  at  such  a  length 
of  time  thereafter  as  to  exclude  their  possible  modifying  effects. 

(2)  Diminished  extent  or  absence  of  apex-beat  may  be  considered 
tf^ther.  They  may  or  may  not  be  accompanied  with  weakened 
impulse.  Provided  that  external  conditions  (to  be  mentioned  below) 
are  absent  as  factors,  a  diminished  or  just  apparent  apex  pulsation 
usually  indicates  weak  heart;  in  fact,  it  is  palpably  weakened. 

In  certain  normal  persons,  it  should  Ik3  remembered,  nevertheless, 
the  apex-beat  may  be  barely  perceptible,  or  not  at  all  so.  This  may 
occur  especially  in  thick-chested  or  large-lunged  or  phlegmatic  people, 
in  the  dorsal  position,  and  sometimes  at  the  height  of  a  full  inspi- 
ration. 

Pathologically  it  is  diminished  or  lost  in  the  following: 

Overlapping  emphysematous  lung. 

Encroaching  pericardial  and  pleuritic  effusions. 

Myocardial  degeneration  and  dilation. 

Shock,  collapse,  hemorrhage,  acute  febrile  and  chronic  wasting 
Oisease. 

Pericardial  adhesions  (replaced  by  systolic  retraction). 

Sometimes  in  stenosis  of  the  aortic  valve  orifice. 

Inflammatory  or  edematous  tumefactions  of  the  skin  and  mural 
tissues. 

A  moderate  degree  of  emphysema  may  partially  conceal  the  apical 
activity  of  a  normal  heart;  a  marked  degree  may,  even  with  hyjxT- 
trophic  dilation  of  the  right  ventricle,  entirely  obliterate  any  impulse 
except  in  the  upper  part  of  the  epigastrium.  Absence  of  pulsation 
may  be  due,  also,  to  sufficient  downward  dislocation  of  the  apex  to 
cause  it  to  beat  just  behind  the  sixth  rib. 

Diminished  area  of  impulse  from  pleural  and  pericardial  effusions 
may  be  the  result  of  the  displacement  as  much  as  of  the  interposed 
liquid,  and  may  be  restored  for  the  time  by  having  the  patient  stoop 
forward. 

Weak  heart  may  be  diagnosticated  without  difficulty  whenever  a 
preriously  increased  extent  of  apex-beat  in  the  fifth  and  sixth  inter- 
spaces, outside  the  nipple  line,  gives  place  to  diminished  extent,  and 
only  in  the  fifth  interspace. 

A  pecnliary  almost  paradoxical,  physical  sign  is  the  diminished 
apical  pnlaation  of  certain  cases  of  aortic  stenosis,  since  the  strain 


PliVSICAl,    lHAdNOStS 

of  this  lesion  produces  decided  hy|»erlrophy  of  the  left  ventricle.  It 
is  explained  by  the  obstructive  delay  and  Inn^or  duration  r«|aind 
by  the  ventricle  to  propel  the  blood  through  the  orifiw,  so  that  llie 
proiiijit  apical  thrust  which  would  onlinarily  wtur  isi  converted  inln 
a  gradual,  labored,  prolonged  twitst  of  light  contact  with  the  cM 
wall  comparatively. 

(c)  Abnormal  Stbenoth  op  the  Caudiac  Impulse, — Incniw, 
dimiuution,  or  aljsencc  of  apical  pulsation  usually  corresponds  dinrtlv 
with  nimilar  ([uajities  of  extent,  nltbough  not  invariably.  The  streugth 
may  he  increased  without  an  increase  in  the  extent,  and,  rire  rewi. 
the  extent  may  be  increaeal  and  the  strength  actually  diminislifd. 
As  intimated  before,  the  characteristics  of  apical  force  are  raosi  pir- 
cisely  determined  by  palpation,  l)ut  to  the  trained  oljserver  the  inter- 
costal movements  as  indices  of  myocardial  power  are  quite  signitivant 
Obviously,  it  is  the  amplitude  or  eseursion  of  mnvemenl  which  is 
suggestive:  the  more  circumscribed  and  beliied  the  rhythmical  thrust 
the  greater  the  finnness  of  cardiac  muscle ;  the  more  flatly  wavy  and 
broadly  dbrillary  the  action  the  weaker  it  i«.  Thns,  also,  a  firm, 
nKKie  rate-si  zed  hypertrophy  of  the  left  ventricle  cxempliiieE  the  state- 
ment of  increased  force  without  increased  extait  of  impulse,  while  the 
globularly  enlarged  heart  of  double-sided  dilation,  with  more  or  Ic^ 
fatty  degeneration,  exemplifies  the  converse. 

It  should  not  lie  forgotten  that  many  individuals,  in  good  health 
and  will]  fitnnd  hearts,  manifest  no  apical  impulse  whatever.  Also, 
that  as  in  casus  of  increased  extent  of  pulsation,  so  inereaseil  force 
may  be  (Uic  to  purely  psychic  or  neurotic  causes,  as  in  hysteria,  Base- 
dow's disease,  in.-idious  toxic  and  temperamental  conditions,  and  the 
like. 

(d)  AiixoiiMALiriKS  OK  HiEYTiiM. — Apart  from  mere  increase  or 
decrease  in  tlu.>  freijiicncy  (denominated,  respectively,  tachycardia  and 
hradi/r/irdiii)  of  the  ajiux-lKials,  (lie  normal  rhythm  or  regularity  may 
i)o  visibly  disturbed  as  regards  the  time  of  their  succession  and  the 
pauses  between  them,  their  fulness  and  force,  both  as  single  and 
variously  <rroii]K'd  impulses. 

Cardial'  'irhi/tlniii't  iTiay  thus  be  noticed  in  connection  with  ob- 
servation of  the  canitid  |>ulse.  The  heart-beats  may  visibly  alternate 
regularly — ttiiil  is,  every  other  beat  fails  to  appear,  or,  at  regular 
intervals,  say  cwry  tliinl  or  seventh  or  eleventh  beat,  drops;  this 
coo'^liliiles  thv  true  iiilrniiHlriil  iic;irt.  and  may  be  normal  and 
lieenliar  to  the  irnliviiliinl.  nr  signify  a  transient  functional  disorder 
or  peroianent  orgimic  valvular  or  myocardial  disease. 
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Where  the  intervals  between  the  dropiwd  Ixjats  do  not  occur  at 
n^lar  lengths,  and  where  the  Ix^at-s  that  do  aj)poar  suc(*eed  each 
other  without  regularity  of  force,  frequency,  extent,  and  interval,  so 
that  the  cardiac  impulse  seems  to  be  tumultuous  and  incoordinate, 
reeling  and  floundering  like  a  drunken  man,  the  arhythmia  is  de- 
nominated simply  as  cardiac  irrvtjularUij.  This  phenomenon  is  al- 
ways indicative  of  grave  organic  heart  disease*,  and  often  of  imminent 
and  speedy  dissolution. 

As  these  and  other  special  forms  of  arhytlimia  may  be  (letecttnl 
and  estimated  with  greater  accuracy  by  ])alpation,  they  will  be  dis- 
cussed further  under  that  head. 

Rhythmic  Inirral  displacement  of  the  heart  is  not  infrecjucntly  a 
valuable  sign  of  unilateral  pleuritic  exudate^  as  lirst  ])ointed  out  by 
C.  L.  Greene.  It  is  most  marked  in  nuKlenite  effusions;  the  heart 
approaches  the  affecrted  side  in  inspiration,  and  moves  outward  during 
expiration;  the  extent  of  the  movement  is  about  2  in.,  and  it  may 
be  detected  by  fluorscopic  examination,  auscultatory  percussion,  and 
ordinary  deep  percussion,  as  well  as  by  inspection  of  the  apex-beat. 


CHAPTER    X 
PALPATION 

Palpation  determines  the  physical  eigas  discoverable  by  inspection, 
and  80  coufimiB  its  results;  checka  or  modifies  its  results  as  regards 
certain  dubious  eigna  that  may  «ecm  evident,  but  are  really  deceiving 
to  the  eye,  and  contributes  certain  other  signs  which  cannot  be  con- 
sidered visible.  While  supplementary  to  inspection,  therefore,  in  tho 
order  of  investigation  of  the  cardiac  phenomena  in  (he  precordiura 
and  its  vicinity,  palpation  ia  so  necessary  to  render  complete  and  in- 
telligible these  phenomena  (hat  practically  these  two  methods  are  most 
often  employed  simultaneously,  the  hand  closely  following  the  eye  in 
nearly  every  detail  before  passing  to  tiie  next  physical  sign,  which 
revives  Ihc  same  conjoint  study,  and  no  on. 

Thus  palpation  enlarges  our  knowledge  as  to  tlie  fonn  of  the  ■ 
precordial  spaw:  aa  to  abnormal  pulfations.  even  detwrling  those'^ 
which  an'  too  fi;vl)le  lo  be  noticed  by  the  eve;  and  determines  the 
wituiitioii  of  the  (anatomic)  apical  iiripulse,  its  force,  extent,  and 
character  and  rhytlim,  as  well  as  the  condition  of  the  superficial  tissues 
and  intercostal  s]iaccs,  especially  in  relation  to  the  signs  of  edema 
and  piis  accumulations.  In  addition  to  these,  palpation  discovers  the 
peculiar  vibralions  known  as  thrills,  connected  with  organic  valvular 
defects,  and  the  presence  of  pericardial  friction  fremituJi. 

The  visible  and  palpable  phenomena  of  the  arteries  and  veins  arc 
intimately  connected  with  tliose  of  the  heart,  physiologically,  patho- 
logically, and  clinically,  and  all  must  be  considered  together  in  phys- 
ical diagnosis.  Nevertheless,  the  arterial  and  venous  signs  will  be 
dealt  with  in  a  subsequent  chapter,  so  as  to  avoid  confusion  by  reason 
of  tlie  extra  facts  superaddci]  to  those  of  strictly  cardiac  origin. 

SHAPE   OF   THE    PRECOROIUM 

Alihnii-li  |iiiiiiMril>  and  satisfactorily  perccivetl  liy  inspection,  any 
uTiiJiii'  ,i;invr;il  ny  local  precordial  prominence  or  depression  may  be 
muri'  liill\   iim>-li;:iilMl  by  iialpalion.     A(  the  same  time,  some  know!- 
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edge  of  the  character  and  cause  of  the  altered  form  may  be  derived 
by  touch;  as  to  whether  the  increased  size,  for  example,  is  due  to 
an  exostosis  or  bony  costal  growth,  an  old  fracture  callus,  a  localized 
inflammatory  edema,  excessive  muscular  development,  or  to  hyper- 
trophy of  the  heart  or  pericardial  cfFusion  on  account  of  increased 
sensation  of  resistance  in  the  intercostal  spaces  in  or  beyond  the  lung- 
exposed  area.  Intercostal  depressions  arc  likewise  recognizable  as 
compared  to  the  normal  fulness  and  firmness  of  the  corresponding 
spaces  on  the  opposite  side. 

ABNORMAL    PULSATIONS 

Some  that  are  not  visible  are  palpabh*,  and  may  seem  to  be  extra 
apex-beats  of  feeble  force,  wlieii  not  abovt*  ibe  lourtli  rib.  At  the 
base  of  the  heart,  the  j)atb()logic  pulsations  noted  under  ins])ection 
are  particularly  amenable  to  palpation.  Thus  the  aneurismal  expan- 
sile pulsations,  systolic  in  time,  over  the  aortic  arch  may  be  felt;  also 
the  dynamic  pulsations  of  the  pulmonary  artery  and  the  auricles, 
either  from  exposure  by  retracted  lun»r  or  because*  of  hypertroj)hied 
and  dilated  right  ventricle,  and  left  auricle  especially.  The  dias- 
iolic  shock  accompanying  closure  of  the  aortic  valve  in  aortic  aneurism 
may  also  be  felt  in  this  region. 

Below  the  fourth  rib,  the  epigastric  ])ulsation  due  to  hypertrophied 
right  ventricle,  or  to  pulsating  liver  (venous),  or  the  heave  over  the 
body  of  this  portion  of  the  heart,  between  the  sternal  margin  and 
the  left  parasternal  line,  are  cpiite  ])erce])tible  to  loueb. 

It  should  lie  borne  in  mind  just  here  that  tlie  hand  of  the  ex- 
aminer not  infrequently  detects  a  slight,  dilTuse  sliock  over  the  middle 
of  the  precordium,  even  in  health,  and  terminates  in  the  fifth  inter- 
space in  the  more  circumscribed,  ])lunging  throb  of  the  apex-l^'at. 
This  is  more  distinctly  felt,  of  course,  in  those  with  thin  chest  walls, 
and  especially  when  leaning  slightly  forward.  In  such  persons,  in 
such  a  posture,  the  hand  placed  in  the  third  and  fourth  interspaces 
may  also  perceive  a  normal  sharp  jerk  or  shock  during  diastole,  due 
to  the  closure  of  the  two  semilunar  valves — aortic  and  pulmonary. 

"  When  the  whole  heart  is  dilated  and  hypertrophied,  a  more  or 
less  violent  shock  may  be  felt  over  the  entire  cardiac  area,  and  when 
the  size  of  the  heart  is  considerable,  this  shock  may  be  double — the 
first  forcible  and  systolic,  the  second  less  forcible  and  diastolic,  the 
result  of  the  rebound  of  the  enlarged  heart  from  the  posterior  tho- 
racic walls ^^  (Balfour). 
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THE    APEX-BEAT 


y^ 


Position  of  the  Impnlfle. — The  method  is  important  in  ascertain- 
ing tliis  point,  A  general  or  approximate  knowledge  as  to  the  posi- 
tion of  the  apex-beat  should  be  obtained  first  by  applying  the  right 
hand  lightly  and  evenly  just  hehw  the  left  nipple,  the  examiner 
standing  to  the  patient's  right.  In  this  way  one  gets  a  palpable 
survey  of  the  region  in  which  a  displaced  apex  may  possil)ly  he  found. 
At  that  portion  of  the  hand  under  which  the  most  distinet  inipulM; 
is  felt — as  under  the  second  knuckle,  for  example — the  apex  may 
miighly  be  estimated  to  be.  Marking  the  spot  by  the  eye,  on  removal 
of  the  hand  the  precise  apical  pulsation  may  then  be  localised  by 
noting  its  point  of  maximum  throb  with  the  tips  of  one  or  two  fingers. 
11  is  assumed  tliat  the  patient  is  in  the  standing,  sitting,  or  scmi- 
rwlining  posture. 

In  the  normal  chest,  the  apical  as  well  a»  the  general  cardiac 
iinpulso  is  better  appreciated  in  those  with  thin  walls,  at  the  end 
of  expiration,  while  the  lungs  are  retracted  as  much  as  possible,  and 
while  the  body  leans  forward.  In  cases  of  diffuse  apex-beat,  where, 
indeed,  fine  surface  vibrations  may  be  eeea  extending  over  an  area 

of  the  apical  position  may  be  baffled.  But  wherever  within  such  a 
region  the  finger  of  the  diagnostician  is  met  apparently  by  another 
inside  the  chest  rhythmically  poking  outward  against  it — in  other 
words,  at  the  most  circumscribed  point  of  most  marked  impulse — 
there  the  apex  may  be  considered  to  functionate. 

Palpation  corroborates  with  exactness  the  displacements  of  the 
a|>ex-bcat  due  to  the  respective  causes  given  under  inspection,  Since 
the  apical  impulse  corresponds  with  the  cardiac  systole,  and  occurs 
a  fraction  of  a  second  before  the  radial  pulse,  its  importance  as  a 
standard  for  the  timing  of  abnormal  pulsations  is  obvious.  It  should 
be  recollected,  also,  that  the  extreme  left  border  of  the  apical  impulse 
in  the  fifth  interspace  extends  nearly  an  inch  beyond  the  actual  maxi- 
mum throb  of  the  iipcx. 

Extent  and  Strength  of  Impulse. — The  relative  value  in  accuracy 
of  palpiilion  iind  in^prction  varies  in  respect  to  the  width  or  extent 
of  the  iipiciil  juilsaiion;  but,  as  intimated  before,  while  the  force  of 
the  aiX'X-beat  may  only  bo  inferred  by  insjK'ction,  its  more  precise 
estimation  may  be  detei'niincd  iliiectly  by  palpation.  As  to  the  first 
point,  lln.'n,  In  some  cases  the  CNtuut  tiuiy  bo  seen  more  widely  than 
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felt,  while  in  others  the  area  of  impulse  is  tangible  a  little  beyond 
any  visible  vibrations. 

Before  considering  the  principal  pathologic  indications  of  altera- 
tions of  the  strength  and  extent  of  the  apical  cardiac  impulse,  two 
things  preliminary  should  bo  borne  in  mind,  namely,  the  relation  of 
these  combined  factors  and  their  normal  variations.  In  r(?gard  to  the 
former,  although  to  a  certain  degree  increased  force  of  apex-beat  is 
accompanied  with  an  increase  of  extent,  this  is  not  necessarily  in- 
versely so.  Thus,  most  often  a  moderate  increase  of  tlie  extent  usually 
means  a  predominantly  hypt^rtrophied  heart;  on  the  other  hand,  a 
marked  increase  in  tlie  area  of  ])ulsati()n  is  eoinmonly  ])alpable  with 
marked  weakness  of  the  heart  museh' — a  predominanee  of  dilation 
and  Habhiness,  with  a  roiindcMl  and  enhir^^ed  aj)ex. 

In  regard  to  tlie  otlier  j)()in(,  it  is  iniix)rtant  to  remember  that 
age,  ;yo.s7//n',  rrsjnration,  divt^  jtln/siral  crcrclsc,  mid  nnnfional  ex- 
citement may  inlhience  the  force  as  well  as  partly  the  position  of  the 
apex-beat.  Thus,  in  childhood  the  force  of  the  beat  is  relatively 
greater,  on  account  of  the  thin,  flexible  chest  wall  and  the  condition 
of  the  lungs.  In  old  age  it  may  be  relatively  weak  because  of  thick 
chest  walls  and  senile  hypertrophy  of  the  lungs,  or  stronger  because 
of  senile  hypertrophy  of  the  heart.  Again,  in  the  normal  state,  if  the 
individual  inclines  his  body  slightly  forward  and  to  the  left,  the 
apex-beat  becomes  temj)orarily  stronger,  Avhile  if  to  the  right,  it  grows 
faint  or  disappears,  only  the  riglit  ventricular  ini])ulse  being  felt  near 
the  sternum  in  the  fourth  and  llfth  inters])aces,  or  in  the  upper  epi- 
gastric region.  At  the  end  of  ej-piration.  particularly  when  the  breath 
is  held  for  a  moment,  the  a])ical  force  is  increased ;  also  after  a  full, 
stimulating  meal.  Finally,  the  force  and  extent  are  increased  during 
physiologically  increased  cardiac  activity  from  more  or  less  bodily 
exertion  and  psychic  stress. 

Palpable  exaggeration  of  apical  force  is  noted  in  connection  with 
the  abuse  of  tea,  coffee,  tobacco,  alcohol,  alcoholic  and  narcotic  pro- 
prietary and  "patent"  medicines  and  other  drugs  used  by  habitues. 
In  the  early  stages  of  acute  fevers,  in  nervous  jjalpitation,  so-called, 
hysteria  and  other  neuroses,  and  associated  at  times  with  the  tachy- 
cardia of  exophthalmic  goiter,  the  same  physical  sign  may  be 
perceived. 

The  commonest  abnormality  is  a  forcible  apex-beat  of  moderate 
increase  in  area  felt  over  a  manifestly  displaced  apex  in  the  fifth 
interspace,  a  trifle  outside  the  nipple  line,  or  in  the  sixth  and  fifth  in- 
terspaces, perhaps,  as  much  as  1  or  1|  in.  outside.    This  is  always  a 
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clear  indication  of  enlargt'd  heart  with  hypertropliied  walls.     Tb^-J 
greater  the  amount  of  associated  impulse  over  the  hody  of  Iho  heart, 
and  of  epigastric  pulsation,  the  greater  the  size  and  ma^t-ivencss  of 
the  ventricles. 

The  force  and  extent  of  t)ie  apex-beat  are  increased  also  in  the 
earlier  slages  of  acute  endocarditis  and  pericarditis,  by  pericardial 
atikesitms,  and  by  sncli  cxtrinBic  causes  as  chronic  nephritis  (hyper- 
tro|>hy  nf  left  ventricle),  rHnialirm  of  hmij,  or  cimsulidiUion  of  lunif 
overlapping  the  apejc. 

Wkakkuinu  or  i,E8SEXmo  of  the  npex-bcal  is.  as  pointed  out  nn- 
der  inspection,  fonnd  in  personw  in  health,  altluiugh  not  infrequently 
nn  npex-lienl  thai  is  invi«ibk-  may  be  at  least  faintly  pnlpahle.  In 
twofold  generality,  the  causes  of  diminished  strength  of  apical  impulse 
aro  either  lliosi'  which  weaken  the  myocardiuni  or  those  which  inter- 
pose some  adventitious  aubstauee  between  the  heart  and  the  chest 
wall.  These  causes  were  detailed  in  treating  of  inspection.  Suffice 
it  here  aitnply  to  mention,  under  the  first  of  the  preceding  conditions. 
mnoiardiiis  and  fatty  df.gencraliim  due  to  endocarditis  and  pericar- 
ditis, or  to  prolongefl  and  exhaiuiting  infwlious  fevers,  anemias, 
cachexias,  obesity,  inanition,  etc.  Under  the  second  category  are 
to  btt  placed  emphysema  and  pleural  and  pericardial  effvsiona. 

Wlicui'ver  fulness  or  undue  ihiekness  nf  llio  ebest  w.ill  nr  emphy- 
sema of  the  lung  can  lie  excluded,  and  the  signs  of  pericardial  or 
pleural  efFusion  are  absent,  diTninished  force  of  the  apex-beat  gener- 
ally signifies  cardiac  weakness. 

Total  iMi'KiiCErTiuiLiTY  to  touch,  of  the  apex-beat,  may,  in  some 
cases  of  cardiac  or  adjacent  disease,  be  noted  as  having  the  usual 
problematic  value  of  negative  evidence.  That  is,  in  a  stout  person, 
for  example,  it  may  have  been  a  characteristic  before  the  onset  of 
the  malady:  it  may  be  simply  a  manifestation  of  marked  general 
wciiknc.-is  from  a  protracted,  prostrating  illness;  it  may  have  the 
relative  value  indicative  of  emphysematous  or  pleuritic  interference 
rather  than  any  direct  cardiac  or  periearditic  affection.  Absent 
apicid  impulse  due  to  myocardial  troubles  may  result  from  an  exag- 
geration of  those  conditions,  cansing  lessened  or  weakened  impulse. 
Xol  infrc(|uenlly  a  previously  imperceptible  pulsation  may  I>ecomc 
palpiiblo  nfter  a  lillle  exertion  on  the  part  of  the  patient,  such  as 
sitting  lip  in  lieil  or.  if  his  condition  permit-i,  walking  to  and  fro 
rapiilly  for  a  <|oiieTi  or  twenty  paces,  or  taking  several  deep,  forcible 
hreailis.  Tlie  adiiiiTii-traticn  for  a  few  days  of  cardiac  stimnlants 
may  also  elicil  a  pal])nble  apex-beat. 
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It  is  well  to  repeat  what  was  said  under  inspection  concerning 
absence  of  the  apex-beat  in  stenosis  of  the  commencement  of  the  aorta, 
even  where  there  are  pcrcutory  and  auscultatory  signs  of  hypertrophy 
of  the  left  ventricle,  the  slow  ventricular  contraction  from  difficulty 
in  emptying  itself  aborting  the  real  apical  tlirust. 

Systolic  Recession. — The  apex-beat  is  often  wanting  because  re- 
placed by  this  condition,  which  may  be  even  more  perceptible  to  the 
hand  than  to  vision.  Svstolic  retraction  is  seldom  limited  to  the 
apical  region,  however,  but  is  usually  but  a  part  of  the  rhythmical 
drawing  in  of  the  whole,  lower  portion  of  the  heart  area  found  in 
cases  of  pericardial  or  mediastinal  adhesions.  In  a  fair  percentage 
of  instances  this  sign  is  associated  with  that  of  Broadbent,  namely,  a 
similar  rhythmical  recession  in  the  eleventh  or  twelfth  left  interspace 
posteriorly.  According  to  Gil>son,  an  important  accompanying  sign 
of  adherent  pericardium  is  a  distinct  impulse  of  "  rebound  or  recoil  " 
felt  along  with  the  diastole. 

Ehythm  of  the  Apical  Impulse. — By  palpation  this  may  be  deter- 
mined with  much  greater  accuracy  than  by  inspection.  This  pertains 
to  all  forms  of  intermittency  and  irregularity,  as  pointed  out  under 
the  latter  heading.  It  should  be  remembered  that  inequalities  of 
frequency,  interval,  size,  and  strength  of  the  apex-beats  are  significant 
phenomena  of  failure  of  the  cardiac  muscle  and  function. 

Groupings  of  the  heart-beats  in  twos  and  threes  may  occur,  cor- 
responding to  the  analogous  bigeminal  and  tritjeminal  pulse. 

Doubling  of  the  Apex-Beat. — By  this  is  understood  two  pulsations 
of  the  apex  to  a  single  carotid  pulse-beat,  or  radial.  The  phenome- 
non was  attributed  by  Skoda,  Txyden,  and  others  to  a  hemisystole\ 
that  is,  to  an  action  of  the  heart  in  which  the  ventricles  do  not  con- 
tract simultaneously.  A  more  rational  explanation  of  doubled  apex- 
beat  is  the  occurrence  of  alternating  weak  contractions  of  the  heart, 
corresponding  to  alternating  pulse  (pulsius  alfcrnnns),  every  other 
ventricular  systole  being  too  feeble  to  transmit  a  ])ulsc-wave  as  far 
as  the  radial  artery,  but  not  so  feeble  as  not  to  be  palpable  itself.  In- 
deed, however,  the  alternating  weak  apical  impulse  is  seldom  so  feeble 
that  at  least  a  weak  pulsation  over  the  carotid  artery  may  not  be  felt. 


ADVENTITIOUS    PALPABLE   SIGNS 

Cardiac  Thrills. — A   thrill  is  a  short,  trembling  sensation,  felt 

usually  in  the  region  of  the  apex.     It  is  of  endocardial  origin,  the 

result  of  obstructive  or  incompetent  orificial  or  valvular  lesions,  or, 
18 
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Firhen  felt  a(  the  Imse  of  the  heart  on  the  left  sido,  may  ho  due  !■» 
I  the  (linunished  plastipily  of  aiiumic  blixid.  In  auy  caic,  thrill  is 
l,produc»)  only  nt  the  limo  the  hlood  is  pastiiiig  through  the  orifice 
P.lffectL<d;  during  systole,  through  the  arterial — aortic  and  puinkuoary 
■ — ojwiiings,  ami  through  the  auracutoveutriewlar — mitral  and  trieus- 
Iipid — 0]>ening6  during  diastole.  The  feci  of  u  thrill  simulating  that 
■  .*f  the  purring  of  a  cat  led  Laennec  to  e«ll  it  fremii'iiii'menl  calmrr, 
I  sod  the  Germans,  kaheruichnuirBn.  The  Bcnfation  communicated  to 
Itlie  tingers  may  also  l»e  considered  nnalngoiia  to  Ihe  tn-mnr  of  n 
^toitghly  working  steam  feed-pump,  or  iiiHrine  engine. 

Am  tlirili«  usually  coincide  with  the  valvular  viurmiim  heard  on 

I'BUSCiiltation,  a  eareful  rooognition  of  (hem  may  serve  as  preliiiiiimry 

■iiW  presnmptiTo  clues  to  the  nature  of  the  palliologie  difficulty,  whether 

\fn  insuffieieiiey  due  to  degenerated  valves,  or  a  stenosis  of  the  orifice. 

I'irhich  causes  the  whirling  eddies  of  the  hlood  slreaiu,  whose  vihrations 

Ibocumt!  thus  pulpahle  and  audiUe  on  the  client  fiurface.     As  will  he 

I  shown  later,  also,  in  treating  of  auscultation,  where  the  murmur:;  have 

I  diagnostic  eignifieanee  according  to  certain  points,  bo,  in  regard  to 

I  til  HI  Is,  it  is  necessary,  first,  to  locate  them;  aecondhj,  to  time  them — 

'  that  is,  to  determine  their  rhythm ;  thirdly,  to  cimimsirihti  them— 

that  is,  note  their  exteat  or  area  of  difTnsion.    Most  thrills  occur  at 

the  selective  mitnil  region,  near  the  apex.     Those  most  distinct  are 

presystolic  in  rhytlini,  and  iliu  siiiiic  iiivolvi-  n  liirfrer  area  of  vihration 

than  the  systolic  or  diastolic.     The  principal  thrills  an.-  as  follows: 

MiTitAL  Pkesystolic  Thhill. — At  the  apex,  the  commonest  dis- 
tinctive thrill  is  that  which  occurs  just  before  the  systolic  impulse, 
and  termiuates  abruptly  nt  the  height  of  impact  of  the  latter.  It 
has  a  rough,  hesitating,  purring,  or  jogging  character.  It  is  usually 
limitLtl  to  a  mo<lerately  diffuse  area,  rather  more  inside  than  outside 
the  a]»e.\-l)eaf ,  which  i.-;.  seldom  displaced  beyond  the  nipple  line.  In 
some  exceptional  cases  the  thrill  occupies  the  greater  part  of  diastole, 
commencing  feebly,  and  reaching  its  maximum  intensity  immediately 
])rececling  the  apical  thrust — dtaslolic  thrill  of  mitral  stenosis.  As 
indiciili'd  hy  the  last  word,  this  apical  thrill  signifies  a  narrowing 
al  the  Kiitral  orifice,  since  the  blood  passes  through  that  orifice  during 
diasloli',  augmented  at  the  end  by  the  contraction  of  the  left  auricle, 
which  thus  develops  the  dilheultv  at  that  time  (presystole)  in  causing 
the  llirill. 

MiTH.M,  Systolic  Tiiiiii.i,. — This  is  generally  a  soft,  short,  indis- 
tinct tremor,  fell  just  over  the  apex,  which  may  be  outside  the  nipple 
line  ill  the  fil'lli  or  sixth    iiiterspac.'.     It   coincides  with   the  lifting 
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and  receding  of  the  apical  impuli^\  It  is  due  lo  loaka;^!'  or  insulli- 
cieney  at  the  mitral  orifiw.  This  valvt*  shouhl  ho  close<l  duriiij; 
systole;  consequently  the  systolic  thrill  inoans  a  n»^urti:itatin<;  wliirl- 
ing  of  opposing  currents  of  bl(X)d  permitted  by  the  ineomj)eteiuy  at 
that  time. 

Very  rarely,  delicate  thrills  may  he  palpahh*  over  the  apical  region 
which  are  transmitted  downward  from  tin*  aortic  area,  e>])('eially  a 
svstolic  one  due  to  aortic  obstruction,  and  sonietimes  a  diastolic  one 
due  to  aortic  r(?gurgitati(m. 

AoKTic  Systolic  Thrill. — This  is  most  di>tinctly  felt  in  the 
second  right  intercostal  space,  and  occurs  next  in  rrcijucncy  to  the 
mitral  presystolic.  It  is  often  ])ercc»ptihle  over  tliccaroti<l.  and  along 
the  right  and  left  margins  of  tlie  sternum,  as  far  down  a>  the  ensi- 
fnrin,  |»erhai)s.  As  the  aortic  valve  slionid  he  open  during  .-yslole,  a 
disturbance  in  the  onflow  of  blood  must  be  due  to  ol)slructive  thick- 
ening or  alheromatfuis  stenosis  of  the  orilice  lo  produce  a  systolic 
thrill  at  its  maximum  in  that  location. 

AoiiTic  Dlastolic  Tjiimll. — This  has  its  point  of  greatest  in- 
tensity, which  is  rarelv  marked,  however,  aNo  in  tlu^  second  riiiht 
interspace.  It  is  a  soft,  continuous  thrill,  felt  along  the  sternum. 
toward  the  apex,  during  most  of  the  diastolic  time;  even  over  nn)A 
of  the  precordiuni  in  aggravated  cases. 

The  thrill  of  aortic  stenosis  must  not  be  confoundi'd  with  that 
due  to  aneurism  of  the  aortic  arch.  Here  the  jx'culiar  wiiizzinir 
sensation  may  Ihj  discovered  betwe.-n  the  supra^tcrnnl  notch  to  the 
level  of  the  fourth  rib  on  either  >ide  of  the  sternum,  jind  i-  u-uallv 
accompaniwl  with  a  pulsating  swellinL^ 

Thrills  Pri-:  to  Truusimd  and  Pt  lmon aky  \'alvi:  Li:>I()\s. — 
A  /J//.s'/o/tr  thrill  felt  over  the  lower  ])art  of  ilie  sternum  i>  mucli  more* 
likelv  to  be  transmitted  from  the  nortic  orilicr,  and  therefore,  as  the 
rare  result  of  triruiipid  rciiiirfi'ttntlnn,  can  l»e  a<>ure(lly  diagnosed 
only  when  associated  with  synchronous  jmlsniion  of  the  jinjular 
veins. 

The  other  three  forms  of  ri'^bt-sided  valvular  disea-^e  aiudogous 
to  the  left-side<l  lesions  referred  to,  although  ])ossibly  altende<l  with 
thrills,  occur  so  rarely  that  they  may  practically  be  uidieedcd  ln»re. 
This  is  e^jpccially  true  of  tricuspid  stenosis  (<lia<tolic,  presystolic) 
and  pulmonary  regurgitation  (diastolic).  In  the  second  or  third  left 
interspace,  a  siffitolir  thrill  nuiy  be  du(»  to  the  congenital  pulmonary 
stenosi.^,  or  to  fd)roid  phthisis  with  retraction  of  the  left  lung  at  its 
anterior  border,  accompanied  with  exaggerated  activity  of  the  right 
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ventricle.  A  little  higher,  in  the  first  interspace,  slight  tliril!  luay  be 
felt  in  exophthalmic  goiter. 

Thrill  in  the  second  left  intercostal  space  may  be  quite  pronounced 
in  another  form  of  rare  coiiwenital  heart  disease,  namely,  permanent 
patency  of  the  duiius  artiTiu.itu;.  This  thrill  lasts  throughout  systole 
and  a  part  of  diastole,  owing  lo  the  fact  that  "  the  blootl  stream 
flows  from  the  higher  pressure  of  the  aorta  to  the  lower  pressure  of 
the  pulmonary  artery.  It  must  therefore  generally  occur  after  the 
aortic  pressure  has  reached  a  certain  level,  and  will  persist  until  it 
hiia  fallen,  at  least  to  wmic  extent  "  (Gibson). 

Attempts  have  been  made  to  obtain  riirilioifraphic  IravliigK  iif 
thrills,  but  unsuccessfully.  In  cases  where  the  cardiogram  rccordi-d 
any  variation  at  all,  it  was  due  to  interrupted  or  irregular  hi'art  action, 
and  not  to  thrill,  although  that  was  easily  palpable  to  light  pressure 
of  the  fingers. 

Pericardial  Friction  Fremitiu. — lliis  i»  a  superficial  rubbing  sen- 
sation similar  lo  thai  felt  over  a  patcb  of  dry  pleuritis,  and  usually 
decidedly  rougher  than  an  endocardial  thrill.  I  have  described  it  to 
students  as  simulated  by  lightly  passing  a  piece  of  emery  paper  across 
the  hand.  It  is  a  rhythmic  to-and-fro  sensation — systolic  and  dias- 
tolic— felt  over  the  body  of  the  heart,  and  obviously  signifies  a  dry, 
plastic,  fibrinous  pericarditis. 

Fluctnatlon. — In  instances  of  large,  copious  liquid  effusions  into 
the  pericardial  sae,  waves  of  fluctuation  may  sometimes  be  felt  in  the 
lower  precordial  interspaces. 

Valve  Shocks. — These  are  palpable  in  certain  cases  because  of  the 
exaggerated  intensity  of  closure  of  the  semilunar  and  auriculovcn- 
tricular  sots  of  valves.  Conditions  affecting  the  former  are  distinctly 
felt  in  the  upper  precordium  as  diastolic  shocks,  and  those  of  the 
latter  producing  systolic  shocks,  usually  in  the  fourth  intercostal 
space  near  the  sternum — left  edge — but  only  in  persons  with  thin 
chest  walls  in  both  cases.  Increased  tension  in  the  aorta  or  pulmo- 
nary artery,  from  left  ventricular  hypertrophy  or  increased  peripheral 
resistance  in  the  systemic  arteries,  or  right  ventricular  hypertrophy 
and  increased  resistance  in  the  pulmonary  circulation,  are  indicated, 
respectively.  Over  Iho  lower  half  of  the  precordium  the  systolic  shock 
points  to  hypertrophic  dilation  of  the  ventricles. 


k   -- 


CHAPTER    XI 

■t 

^'  PERCUSSION 


Bt  this  method  of  examination  we  may  determine  the  sizCy  shape, 
and  location  of  the  heart.  These  objects  are  attained  essentially  by 
delimiting  the  heart  from  the  other  thoracic,  and  from  the  abdominal, 
oiguis  which  border  upon  it.  The  fact  that  the  heart  is  an  airless 
organ  makes  it  possible  to  outline  its  relations  only  with  those  adja- 
cent structures  which  are  more  or  less  air-containing^  and  thus,  on 
percussion,  give  rise  to  different  qualities,  intensities,  etc.,  of  sound. 

As  the  heart  is  surrounded  and  partially  overlapped  on  three  sides 
hj  the  lungs,  the  determination  of  the  heart -lung  boundary  is  by  all 
odds  practically  the  most  important.  The  percutory  relations  of  heart 
to  stomach  and  to  liver  are  seldom  available  for  diagnostic  purposes. 
Obviously,  in  outlining  that  portion  of  the  heart  uncovered  by  lung, 
one  at  the  same  time  determines  anv  extension  or  retraction  of  the 
anterior  border  of  the  left  lung. 

Percussion  of  the  precordiuin  develops  the  presence  of  two  areas 
or  varieties  of  dulness,  according  as  we  p(Tcuss  directly  over  that 
small  portion  of  the  heart  uncovered  by  lung  and  in  close  contact 
with  the  chest  wall,  or  over  a  surrounding  zone  of  the  heart  over- 
lapped by  a  portion  of  the  anterior  lung  margins.  The  first  is  known 
as  the  area  of  absolute  or  superficial  cnrdiac  dulness  \  the  second,  as 
the  area  of  relative  or  deep  cardiac  dulness.  With  good  reason,  so  as 
to  avoid  confusion  and  reversal  of  terms — a  common  error  and  diffi- 
culty among  medical  students — Butler  prefers  the  following  desig- 
nations :  the  exposed  dulness,  the  covered  dulness,  and,  both  together, 
the  entire  dulness  of  the  heart. 

PBRCU8810N   OP  THE   NORMAL   HEART 

The  aim  being  principally,  in  clinical  work,  to  ascertain  the  size 
of  the  heart  in  two  dimensions,  as  projected  in  an  approximate  plane 
upon  the  chest  surface,  and  to  determine  the  cardiac  relations  to  the 
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overlying  lung  especially,  as  well  an  tiie  jjrc-icnce  nr  al>s(!lice  of  any 
Hbnoniial  strucUire  in  contact  with  the  heart  and  great  vessels,  the 
percussion  of  the  normal  heart  areas  of  absolute  and  relative  dulneas 
needs  first  to  be  studied  before  the  pathologic  dotiations  can  \k  esti- 
mated fairly. 

Ab  in  the  percussion  of  pulmonary  conditions,  so  here  much  de- 
pends upon  the  uniformity  and  dexterity  with  which  the  particular 
method  ia  applied,  the  accuracy  and  n.'liability  of  the  teehnif.  and 
the  acutenesB  of  perception  of  the  physician. 

HetbodB  of  PorouBaion. — There  are  throe  methods  applicable  to 
the  deternii nation  of  the  areas  of  cardiac  dulncss:  (1)  Ordinary 
pleximetric  pereussion,  with  the  tingers  alone — at  onee  the  most  serv- 
iceable and  satisfactory — or  with  an  artificial  pleximeter;  (2)  pal- 
patory percussion,  and  (3)  auscultatory  percussion.  All  three 
methods  have  distinctive  value;  the  first  has  the  advantage  of  direct- 
ness, ordinarily  sufficient  accuracy,  and  practical  convenience;  the 
finger  raetliod  enables  the  examiner  also  to  note  the  sense  of  resist- 
ance. This  latter  is,  on  the  otiier  hand,  the  solo  basis  of  the  palpatory 
method,  without  the  sound  effects  and  difforcucos,  and,  with  the 
auscultatory  method,  constitutes  an  important  adilition  to  the  more 
precise  outlining  of  the  heart  requisite  in  easeB  needing  special  study 
becausi.'  iif  ciiiiiiiliciitiiiir  or  nlisfiirin^'  physical  coiniiliorw. 

In  the  practise  of  ordinary  finger  percussion  two  facts  should  be 
borne  in  mind,  namely,  that  only  light  strokes  must  be  employed  to 
detect  the  boundaries  of  the  area  of  superficial  or  absolute  dulncss, 
strong,  heavy  strokes  being  necessary  to  elicit  the  deep  or  relative 
dulness.  Before  describing  the  technical  details  of  the  various  meth- 
ods of  percussion,  the  student  should  be  acquainted  with  the  normal 
extent,  shape,  and  limits  of  these  two  cardiac  areas. 

The  superfivial  or  exposed  cardiac  dutness  is  roughly  quadrilateral 
in  shape,  or  sometimes  triangular.  Its  upper  and  outer  boundaries 
correspond  to  the  anterior  border  of  the  left  lung.  Superiorly,  there- 
fore, the  absolutely  dull  or  flat  sound  begins  at  the  upper  edge  of  the 
fourth  left  costal  cartilage  in  the  parasternal  line.  Thence  the  dulness 
continues  verlically  downwanl  to  the  upper  border  of  the  sixth  rib. 
The  determination  of  this  inferior  boundary  of  the  superficial  dulncss 
is  a  matter  of  aiitilomic  inference,  however,  as  it  cannot  possibly  be 
.separated  from  the  liver  dulness  which  meets  it.  This  anatomic  re- 
lationship may  be  fiicilitateil  in  the  delimitation  hy  ascertaining  the 
position  of  llie  ape.\-bca(,  a  straight  line  from  which,  traced  inward 
to  llic  up[i(T  border  nf  the  liver  dulnes.^,  may  ln'  considered  a  dividing 
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line,  all  dulncss  alK)ve  which,  on  the  loft  side,  is  duo  to  the  hoart. 
The  outer  boundary  of  absohito  cardiac  dulncss  passes  ohlicjucly  down- 
ward and  outward  in  an  irrcguhirlv,  sli»rhlly  curvtMl  line,  from  the 
fourth  rib  to  the  sixth,  lictween  the  parasternal  and  inaniinillary  linos. 
The  right  border  extends  alon;:  the  left  od^rt*  of  the  sternum,  from  the 
fourth  to  the  sixth  rib.  It  is  not  so  easily  delined  because  of  the 
jKXJuliar  W(KKlen  tone  of  the;  sternum  wlu»ii  percussed. 

The  last  statement  not  only  corroborat<*s  tbe  fact  that  the  su|kt- 
ficial  area  of  marked  and  comparatively  easily  delected  diiliiess  is  no 
indication  of  the  si/.e  of  the  heart  irenerallv,  but  tliat  neitber  does  it 
indicate  exactly  all  of  tbat  |)ortion  of  tbe  heart  wbicb  is  uncovered 
by  lun<r:  for  a  part  of  tbe  ri^rbt  ventricle  not  overhij>ped  by  tbe  imir- 
gins  of  tbe  lun^s  lies  to  tbe  ri;rbt  of  tlu-  Irft  iMU'der  of  tbe  sternum, 
and  yet  tbe  p(?rcussion  not(»  over  it  (tin*  lower  ibird  of  tbe  str'rnum), 
instead  of  bein*j:  dull,  has  this  clmr.  pulmonary  rrsonant  (pialily  iiuKli- 
fied  by  tbe  sounding-board  vibrations  of  llic  bun**,  so  tbat  tbe  duhiess 
which  the  ventricle  underneatli  would  oibcrwisc  ir'wr.  is  '*  ov(M'l)orne 
by  tlic  clearness  of  tbe  pulmonary  nott' "  conducled  back  to  tbe  per- 
cussion point  of  transmission. 

The  vliniral  value  of  ibe  superlicial  area  of  cardi.-n-  dulncs>  is 
verv  much  less  than  tbat  of  tbe  t\r\-Y  or  n^lnlive  duhie-s,  therefon*, 
in  estinuitin<r  the  siz(j  of  tbe  heart,  lu'cnu^e  the  i-xtiMit  of  didness 
varies  witb  tbe  position  of  the  luu^^  honhrs.  wliich  are  ihriMH'Jves 
variable  even  in  tbe  healthy  individual,  dur  to  ihe  in>j>irjilory  nnd 
expiratory  movements,  and  the  condition-  of  \{\i*\  A-  l<»  the  hitt<'r, 
the  absolute  dulness  Ix-^^ins  a  little  hiirhcr  in  chihlren  (third  inlcr- 
space),  while  in  old  a^e  the  extent  of  duln«'.-<  i-  ^niMller,  liuni  ^i-nile 
inflation  of  the  lun^s,  so  that  the  upprr  hound.iry  hririns  usually  at 
the  fifth  rib,  and  tbe  outer  at  the  ))ara>tcrnal   linr. 

Patbolot^ically,  allbou*;h  enlartrenienl  of  the  lu-jirt  dors  caus(>  >onie 
increase  in  the  dimensions  of  the  area  of  cxpo.^rd  dulnc>s.  hy  pre><in*j: 
tlie  lunjT  borders  aside  somewhat,  shrinkinL:  of  ihr  h-l't  lunir  without 
such  enlargement  will  manifest  Ihe  same  siirns.  'riieii,  a^rnin,  en»j)hy- 
sematous  eneroachtnent  upon  the  b<'arl  an-a  will  s<^  (lin»ini>b,  or  even 
obliterate,  the  dulness  as  to  |)reclude  entirely  any  indications  of  tbe 
cardiac  size  bv  this  metluxl. 

The  ih'P.p  or  rort^rrd  (h(hH"is,  bowevtT,  is  of  decide<l  importance 
aa  an  index  of  the  actual  size  of  tbe  heart,  tbe  limits  of  dulnes>  cor- 
responding with  a  much  nearer  exactitude  to  those  of  the  or»ian  itself, 
regardless  of  the  position  of  tbe  lun^  borders.  Tbe  relative  dulness 
is  best  domonstrattHl  at  the  ui)j>cr  and  outer  limits  of  tbe  heart  area. 
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Thus  it  occupies  a  narrow  zone  of  mnffled  resonance,  the  width  of 
an  interspacn,  beyond  the  left  lung  border — that  is,  beyond  the  upper 
and  outer  margins  of  the  area  of  absolute  dulness — being  found  in 
th«  third  intfrfpace  inside  the  left  para(<ternal  line,  and  following  a 


(Butler.) 


downward  and  outward  course  across  the  fourth  interspace  and  fifth 
rib  into  the  fifth  interspace,  at  the  apex,  where  it  terminalcti.  Hence, 
in  the  fourth  and  fifth  interspaces,  where  the  relatively  dull  zone  is 
nearly  vertical  in  direction,  it  lies  between  the  parasternal  and  nipple 
lines.  Within  the  apex  point  the  deep  dulnoss  extends  to  the  right 
in  a  straight  line  to  join  the  absolute  dulness  in  the  parasternal  line, 
and  here  ini mediately  passes  into  the  inseparable  liver  dulness  a.s  far 
as  the  right  lx)rdor  of  the  heart,  a  little  beyond  the  right  sternal  line. 
The  right  lioundary  of  the  covered  dulness  extends  along  the  right 
edge  of  the  sternum,  from  the  fourth  rib  to  the  stemoxiphoid  junc- 
tion;  it  i^  delectetl  with  ditlicully  on  account  of  the  thickness  of  the 
lung  tis>^ue,  and  the  fact  that  when  tJie  most  forcible  percussion 
strokes  arc  applied  close  lo  or  over  tlie  stcnumi  the  resonance  set  up 
by  the  vibralion  of  llie  surrounding  luug  structure  overshadows  any 
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a  elicited.     Anil  yet  it  should  be  borne  in  mind  that  the  ri^t 

de  reaches  as  far  as  one  and  a  half  fingerbreadths  to  the  right 
(\f  the  right  border  of  the  Btemnm.  But  in  lateral  etilai:gement8  of 
the  heart  thid  doepor  dnlness  may  be  perceived  here. 

It  will  be  seen,  therefore,  that  the  total  area  of  cardiac  diUneu 
which  can  be  mapppJ  out  by  firm  percussion,  the  superficial  area 
bordered  to  the  ri^Iit,  left,  and  above  by  the  deep  dulnese,  represents 
na  nearly  as  po^i^ible  the  anatomic  outline  of  the  heart :  laterally,  from 
nli'iut  1  in.  tn  llif  right  of  the  right  sternal  margin  in  the  fourth 
iolerspnee  to  tlit-  nijiple  line  in  the  fifth,  and  vertically,  from  the 
lower  edge  of  the  third  rib,  at  the  left  of  the  slemuin,  to  the  upper 
edge  of  the  sixth  rib  in  the  parasternal  line,  where  it  joins  the  hepatic 
dulnesa. 

It  should  not  be  forgotten,  aliK),  that  the  heart  is  constantly, 
rhythmically  changing  its  size  with  systole  and  diastole,  so  that  the 
dermographic  lines  of  delimitation  will  vary  slightly  with  different 
examiners,  or  at  different  times  with  the  fame  examiner  if  deeper 
or  shallower  breathing  and  corresponding  changes  in  the  extent  of  the 
Inng  borders  are  likewise  factors. 

Another  point :  Deep  percussion  ov(t  the  sternum,  above  the  level 
of  the  third  rib,  may  develop  a  conoidul  area  of  dulness  rising  above 
the  cardiac  area,  but  joined  to  it  as  the  lattir  is  to  the  hepatic  ImjIow. 
This  is  due  to  the  aorta  and  pulmonary  artery,  hut  principally  the 
former.  Aortic  dulnesa,  extending  considerably  beyond  the  sternal 
margins  in  the  second  interspace,  would  be  suggci-tive  of  aortic  dila- 
tion, either  diffuse  of  the  arcli,  an  from  fatly  degeneration  and  weak- 
ening of  the  walls,  or  aneurismal. 

Continued  practise,  concentrated  attention,  ami  cart'ful  judgment 
are  always  a  sine  qua  non  in  estimating  the  separate  or,  more  impor- 
tant, the  entire  areas  of  the  heart  dutncss.  In  order  to  facilitate 
accuracy,  a  satisfactory  technic  or  mode  of  procnluro  should  be 
adopted  and  rigidly  followed,  once  skill  is  thus  acquired. 

Italulo  of  Cardiao  Fercauion. — We  aim  to  determine  the  entire 
area,  limUa,  and  shape  of  the  deep  or  covered  heart  duluess  with  as 
much  accuracy  as  possible.  The  pleximeter  finger  should  be  applied 
firmlj  and  evenly  in  the  interspaces,  and  the  plexor  strokes  should 
ba  given  rather  forcibly.  With  an  anatomic  conception  of  the  usual 
ftqiographic  and  relational  extent  and  limits  of  the  heart,  the  exam- 
iner endeavors  to  approach  these  in  lines  perpendicular  to  the  Bup- 
poaed  outline,  banning  always  over  fully  resonant  lung  tissue,  and 
noting  instantly  with  the  ear  the  slightest  elevation  of  pitch  and 
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change  in  quality  and  intensity,  as  well  as  any  incrcaHHl  ncn^c  of 
resi^tancre.  Wherever  the  relative  dulness  is  first  noticed  a  mark  may 
be  made  with  a  grt'osed  cniyrm,  a  line  connecting  the  marfca  rcpre- 
Beiiting  Iho  prolmlile  oullinc  of  the  heart. 

While,  in  appmaching  the  area  of  canliae  dulness,  it  is  proper,  if 
not  almost  natural,  to  place  the  pleximeter  finger  parallel  to  the  eup- 
poscd  herder  of  the  heart,  a  word  of  caution  is  needed  in  cetiuiating 
the  lateral  extent  of  the  area.  Here,  of  course,  the  finger  must  bo 
placed  across  the  rihs,  the  percussion  of  which  interferes  with  tho 
true  note  of  the  underlying  structures;  but  by  percussing  the  finirer 
tips  applied  in  the  intorspn<ros  only,  either  at  right  anglis  or  parallel 
«'ith  the  ribs,  confusing  and  misleading  bone  Bounds  may  be  elim- 
inated. 

From  the  position  and  relations,  and  from  the  formation  of  the 
heart,  it  nnisl  U;  apparent  that  although  we  can  percuss  out  nearly 
it«  entire  liinita.  for  practical  purposes  this  is  not  necedi^ry;  in  most 
cases  it  will  Bufiioo  to  ajvertaiii  merely  the  eslnit  of  cardiac  dulness 
along  two  lines — viz.,  a  vertical  and  a  transverse  one.  For  the  first 
one  we  use  tho  parasternal  line  (left) ;  that  is,  about  1^  in.  to  the  left 
of  the  uternal  margin.  IVreusuing  strongly,  we  begin  in  the  gocotid 
F  interspace  in  this  line.  We  find  hero,  in  the  normal  condition,  ihe 
clear,  loud,  low-pitched  lung  resonance  to  the  upjicr  border  of  tin' 
third  nil).  In  the  third  interspace  there  h  a  slight  rise  in  piii-h, 
diminution  in  intensity  and  duration,  and  dulling  of  quality  of  the 
i^nund.  Below  the  lower  border  of  the  fourth  rib  the  note  has  become 
quite  dull  and  higher  in  pitch;  in  the  fiflh  interspace  it  is  fiat,  short, 
empty,  or  tonekvs.  'I'hc  rise  in  pitch  by  these  successive  gradations, 
as  in  playing  the  notes  of  a  musical  scale,  I  have  been  in  the  habit 
of  deiuonst rating  by  applying  simultaneously  the  first,  second,  and 
lliird  pleximeter  fingers  (from  below  upward)  in  the  second,  third, 
and  fourth  interspaces,  and  percussing  them  in  rapid  order.  Below 
the  sixlii  rib  the  absolute  dulness  becomes  again  relative,  and  then 
clear  Iwcause  of  gastric  and  intestinal  tympanj-, 

!i>iiuiliivly,  in  marking  out  the  lateral  or  transverse  boundaries  we 
percuss  from  wiihout  inward  until  a  rise  in  pilch  signifies  that  we  are 
over  airhss  (lardiac)  structure.  On  the  left  side  we  may  delimit 
the  curving,  obli.|iR'  heart  border  by  iKTCussing  inward  in  each  inter- 
space, licgiiniiiig  in  ihe  lirst  or  sivoiid.  until  dulness  is  reached  in  the 
slightest  degree:  in  the  sauic  way  the  third,  fourth,  and  fifth  inter- 
spaces arc  pcn'u>si'<l  from  lun-:  to  heart,  always  hcjiinning  far  enough 
oui  so  a~  io  c.l.iaiii  the  pure  re!-i)naui.'c  or,  as  it  were,  standard  or 
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kej-nofp,  the  first  dulling  or  iicinisiii-  fli'vinliim  fnmi  wliiili  \xv  iin-  ti> 
perceive.  "  Jn  iliis  WAy  tin-  Inu:  np^x  c.f  tlir  lifsiit  is  ruiiiiil,  n  (Hiint 
of  importance  wtK'ti  luiscultjUinii  is  fnllnHiil.  htvI  wliirii  is  lo  Iw  ilis- 
tinguii'heil  from  tlio  [irwunlial  imlsiitioii  in  ntluT  j)i>sitioiis,  often 
trnHiL-ou^ilv  callid  tlu'  Hprx-lH'iil  "   (IIIIi-dii  iiti'l   liii-;sc!l ).     To  di'Iine 


(ttutler.) 


the  rifht  Ijoumliiry  ..I'  ilic  .upm.  ..m-  prni-.Til-  in  ii  .unv-iioinlinj: 
niaiincr,  from  1]ii>  rifrlil  inidcliiviiiilnr  "r  |i:Li:i-i.Tn;il  line  lowar,!  llio 
(ittrnuin,  first  .IctiTiuinin^'  {],•■  i\]<\>.-r  lH.iiiiil;irv  of  .lf.'|>  or  f..vcn'tt 
liver  dulnc>:s.  Iiowi'mt.  wliiili  is  iirually  in  \\i'-  lifili  iiiliTsjKUi'  (rarely 
tlif  fonrtli),  iiii.i  llini  iiciviissin.L,'  sii.'.vssiv..|y  in  lln'  :«-v.m\.  tliir.j. 
ami  fourth  iiiliTspm-es  until  roljiiiv.^  .liilnr-/i>  .^li.'il.-.!  witli  furcil.lc! 
strokes. 

That  llicn'  is  more  Iri'liiiii-al  dillii-iilly  in  r.itliidinf;  llir  ri^-lit  ciV 
of  the  heart  liy  jHTt-iission  is  ,.xi,li,.iil,l,.  Ir,,,,,  i!,..  f„fi  of  lli>-  ■•<|.'|>lli 
of  lung  iK'twiTU  the  jiarictes  ami  llic  |.ar1  of  ili.'  lifitrt  U>  (he  rijilil  of 
the  stcrmim  "   lieiiij;  coTisiikTahle,   ami   lui'ausi'  "  iliv  ililTi'ii'm-<-   in 
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eoiind  when  we  pass  from  lung  to  lung  witli  nmlerlying  heart  is 
correspondiugly  slight." 

Wliile  the  delimitation  of  the  lower  border  of  the  heart  is  of  much 
less  iniporlanee,  and  rather  difficidt  per  se,  a  few  practieal  points 
may  be  hetded  which  usnally  avail.  In  the  first  place,  a  line  drawn 
joining  the  inferior  limits  of  the  markings  of  the  lateral  boundaries 
represents  this  horder  fairly  accurately.  Furthermore,  this  trend  may 
iw  indicated  liy  a  fingi'r's  breadth  of  tynipanoresouance  just  below 
and  a  little  distance  inside  the  apex,  between  the  cardiac  and  hepatic 
dulneBses.  Even  within  the  parasternal  line,  liowever,  where  the  dul- 
neas  joining  liver  and  heart  is  almost,  if  not  quite,  uniform  on  super- 
ficial examination,  the  transition  may,  nevertheless,  be  detected  very 
frequently  by  perceiving  a  difference  in  the  cliaracter  of  the  dulne-ss 
and  the  sensation  of  resistance.  According  to  Gibson  {"  Diseases  of 
the  Heart  and  Aorta,"  p.  137),  the  best  method  of  ascertaining  this 
lower  boundary  of  the  heart  is  to  "  map  out  the  entire  areas  occupied 
by  the  two  organs,  when  a  line  drawn  from  the  angle  where  the  mar- 
gins— ascertained  by  tlio  deep  dulness  of  the  two  viscera — meet,  to 
the  right  of  the  sternum,  is  to  lie  drawn  to  the  point  where  the  left 
end  of  the  liver  and  the  lower  margin  of  the  heart  are  found  to  be 
Fin  contact." 

Exceptions.— [ II  \\- I'li,  -m  iucoiiiil  <.f  llir  :^h.,-  and  sensiliv(>ii(->s 

of  llu'  mamniic,  it  mav  be  impossible  to  determine  the  size  of  the 
heart  by  [M'rcussion.  Recourse  llien  may  bo  had  to  an  approximation 
of  the  si;iL'  by  locating  llic  a[>e\-licat  by  palpation.  If  normal,  the 
lalter  is  found  J  or  1  in.  within  llic  midclavicular  (not  nipple)  line 
in  the  flftli  interspace. 

Again,  in  young  children,  owing  to  the  thinness  and  elasticity  of 
the  chest  walls,  percussion  must  Iw  practised  with  extreme  lightness 
of  stroke,  so  as  to  avoid  setting  into  vibration  the  adjacent  clear  lung 
and  stomach  sounds  to  the  confusion  of  the  cardiac  dulness.  Also,  it 
must  not  be  forgotten  that  in  children  the  area  of  superficial  or  ex- 
posed dulness  is  relatively  greater  at  the  upper  and  outer  borders, 
extending  In  the  thin!  intercostal  space. 

Oilier  uicihods,  .-inch  as  Sansom's  pleximetric  percussion,  repercus- 
sion, palpatory  and  auscultatory  percu.-ision,  have  certain  auxiliary 
and  precise  viducs.  but  iiro  ordinarily  impracticable. 
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ABNORMAL   AREAS   OF   CARDIAC    DULNESS 

The  nrea  of  cardiac  duln(W,>^  niav  be  iiicn^nni-d,  (liininij<hed,  abol- 
ished, or  di.ilocn{ed. 

(1)  Increase  of  Heart  Dnlness.  in)  llYi'Kiiiitoi'itY  Asn  Dil.v- 
Tios  OF  THE  Ukaiit. — Eniar;,'('Tinnt,  due  U>  tlic  usuid  comb i nation 
of  thickenc<l  and  overstroli-hcd  nail:*  of  Uu'  licart  (iiv]HTlr(n>lii(;  dila- 
tion), is  infcrrod  hy  llic  fullowiii;:  [ihv.-ical  >i;rii-  "f  l(i]H)f;rapIiic  jwr- 
cuiwion:  If  tlic  area  of  diilin'-s  (i|i'c]i)  i<  iniTi'a-H'd  in  all  diri'clioiis, 
but  esptfially  iiion-  traii^vcrrt.Ov  ibaii  ii[nvanl,  in  Ihc  fiuirili  an.l  (Iflh 
interspaces,  ihe  dilalioii  and  ]iy]).Tin>|>liy  i.r..lialily  iilfcct  IhiiIl  ventri- 
cles, tbe  extreme  left  bnnl.-r  ..I'llic  dii!ii.>>-  l.cJdM  I'mnul  a  Iritic  milsiiUi 
the  apex-l»cat.  Wheu  IniKTlicipliy  |iiri|ijiniiuHi>s.  a  ]niwiTfid  a|M!x- 
I»eat  and  eanliac  slutck  arc  [Jiit|iiilj|c-,  nliilc  ivln-ii  dilation  siipcrvcncK, 
the  shock  may  be  absenl.  and  lii.-  a|.c\-b.'iil  iliiru-c  and  w.-ak.  The 
dnlness  may  lie  dctvclcil  1  in.  hiymd  liic  Icl'l 
to  the  riglit  of  the  slenuini  a-;  bi^Hi  as  the 
To  the  left  of  the  slernuia,  as  far  a-  Ihc  jiura. 
may  !«  more  marked  than  n-irrnal  in  the  thin 
sternum,  below  this  level,  tln'  rcsnnanee  \<  likel 


niMrbivienlar  1 

iidc.  also 

fDUrlii  c-tal   ■ 

■arlilat;e. 

sternal  line.  th< 

■  ilulness 

d  iii|iTs|iacc. 

Over  the 

ly  (..henmltle.! 

>lif;htly. 

,  47.— N.miiAi.  Ab: 

F.A  OF  E-S-TIHK  C.\ 

IICIIAI-   lh'l,Vl^« 

.     Tl,r.l..lle.llim' 

below  rp|>reKP[it  H 

IP  l)<.r.li.-F-  wlurli 

lire  ilitTirult  In  < 

Icliniil,  but  tliF  n|> 

the  finding  of  the  . 

<.>lia-lmcli>ortim 

is.>f11ieb.>r<).'T> 

•  cnoble  a  RntUfiu-t' 

HBtion  of  ttie  size 

anil  uliniic  of  (Iil' 

1if»rt.     (Butler 

■■) 

Increase  of  dulness  to  Ike  h'ft  and  sUghiJi/  downward  indicates 
enlargement  of  the  loft  ventricle.     If  the  area  of  dulness  over  the 
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apex  is  pointed,  and  Ihe  ajwx-lioat  is  strongly  palpable,  hypertrophy 
predominates.     If,  on  the  other  haml.  IUl'  c-xionsion  nf  dubiess  to  Ihe 


|Miti((-il.     (Butler.) 


■  htl  has  8  rouudt'd  apioal  oiillinu,  with  n  wavy,  difTuso  apical  iinpiilno 

"  fp1t    jirnpflpntcil    to  the  rifrhl    (within   the  apex    rej;inn).   dilalinn    is 

predominant.     In  tlie  extreme  cases  of  hypertrophic  dilation  of  the 


icicncy  of  (he  aortic 
nay  reach  the  mid- 
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axillary  line  iu  tliv  nixtli  or  sevcntli  iiiti'rs[)ait',  and  the  absolute  dul- 
Dc.'s  as  far  as  tlie  aiilLTior  H.xillary  liiii.'  m-urly. 

Increase  of  lln-  </h/w(W  Io  (In-  ri-jlil.  (■.■=[ K-cially  if  iiolcil  in  tlie 
tliirri  ami  fourth  inUTspaoes.  jkhiii-!  to  I'lilarfjcnient  of  the  rifjlit  auricle 
(H-hicli  is  qiiilu  ililiitiilili'  in  ilinvt  iiml  irnlirivi  <>l>stnietioii>:  to  the 


flow  of  Mo<h!).  an.l 

1  of  IJu'  ri^rht   veiitri<!< 

'.     IJiit  in  cast's  where  the 

latter  i^i  iiuicli  .lilii 

Kril.   iherc  is   siiuullaii 

ci.us   f.Mciision  of  the  left 

l...nler  of  diitni'ss. 

owin^r    L<>    tW    IIKMV    hoi 

■i/i'iilal  ].nsiuoii  which  the 

heart  a.-siimfi;.  whi( 

•h  (lis|>lav(-:  ilic  a|H>\  ,- 

'.iii,-Hh:il  (o  ilif  ],-h.    The 

.-eternal  resoiiauii*  is 

iiio<iiii>-.l. 

With  nuirk.-cl  In 

licrirophv  of  thr  Icl'l  ' 

ii'iilriil.'.  iIlo  jriiiiTiil  sluijw 

of  thecinliacliilm 

.-s|m.M.nv.  „ir,.„;:ul 

;ll'  r.illlilK'.  M'hiii'  with  ililu- 

^^^•ITp 

^■' '^"N  ' 

(  r'- 

\  : 

tioii  of  the  ri-rht  or  of  l.mli  vvnin,!-.  ii  ,|iiailrilni.TuI  ..iillinr  i-  iiinrc 
corniiionlv  ilelwleil. 

(■hnimscrih-'<l  (h,!,.':..<  in   lli>>  ><■< I  U'l'i   iniei-|.ai<-.  .■!..-.■  lo  llm 

stemuiii.  Is  quite  eoMslaiit  in  niitnil  >t<  llo..i^. 

ih)  rKlucAiniiAi.  KnrsioN.— >-;„i,;//-;,i.v,„,v  .'jl.;i.'i-ii  •>{  tin-  (iri-n 
of  rardiar  <liihii:<s  toininl  holli  .</</.-.<  'i,„l  ii/winl  lierioles  a  liijuid 
effusion  into  the  iieriranliiil  sar-.  if  ihe  <|Uiinlily  of  |Uii,I  is  large, 
the  area  of  ilulness  tiiki-^  ilir  form  of  tlie  .iisirn.ii'.l  sue,  and  ihus'is 
irregularly  trianf:nlar  or  ]>,\Tiiiiiiilal  (■^niiiclinir'  almost  e<[uilat.'riil) 
in  outline^  the  hasi'  lieiiifr  dowinvnrd.  wher.-  ihe  .-iilaftreuienl  ln\i:ius 
ami  showjithe  most.     Tin-  limit:;  of  didness  Ui  the  lifrht  and  lefl  here 
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diipeml  ii[>on  the  sizo  of  the  cSusion;  if  very  abundant,  the  bora  of 
the  triangle  may  extend  from  the  right  parasternal  line  in  the  fifth 
intLTiijiacL-  to  thu  left  anterior  axillarjr  line  almost-  At  the  earae  tiine 
the  apex  of  the  dull  area  may  reach  to  the  Bet-ond  interspace,  where 
the  converging  outlines  of  dulnesa  meet  from  btlow,  to  form  a.  roundeil 
ohtiise  angle.  Thu  distuntion  of  Ihe  lower  portion  of  the  pericardial 
sac  is  recognized  by  the  fact  tliat  the  apes-beat,  or  on  auscultation 
the  point  of  grcutfist  intensity  of  the  first  sound,  is  found  to  be  well 
inside  the  limit*  of  dulness.  A  less  considerable  quantity  of  exudation 
gives  rise  to  a  proportionately  smaller  area  of  dulness,  extending 
probably  hut  a  trilie  beyond  the  nipple  line,  within  which  Ihe  apes- 
boat  may  bo  folt 

It  is  distinctive  that  in  large  pericardial  effusions  the  area  tif 
dnluess  is  altered  by  changing  the  position  of  the  patient,  in  the 
sitting  posture  being  larger  than 
in    the    recumbent ;    the    sternal 
resonance  may  then  be  abolisheil. 
Another  feature  is  the  absence  of 
;iny  distinction  between  the  deep 
or  covered  and  the  superficial  or 
exposed  dnlnese,  the  overlapping 
lung  bi'ing  pushed  aside  and  leav- 
ing  the  uniform   dulness  of  the 
distended    sac.      Again,    for    the 
i-ame   reason,  it  is  characteristic 
that,    in    approaching    the    dull 
area,   a   narrow   zone  of    tympa- 
nitic resonance  is  percussed  just 
iieforo    an    abrupt    transition    to 
tlio  effusion  flatness.     Wlien  the 
lluid  h(i]ipcns   to    be  the  moliile 
transudation    of   hydropericardi- 
uiu,  changes  in  the  clearness  or 
rders,  or  of  the  extent  of  diilness,  on  changing  the 
to  the  back  or  either  side,  are  still  more  evident. 
r  lN"r[ii:.vsi-:  of  thk  C.vitni  vo  Dulnhss  Axn  Sizii: 
■In  the  fir.'il  place,  this  may  be  due  to  retraction  of 
normal    heart,   the  iloterrnination   of  the  complete 
will  show  that  the  i'\pnse<l  area  of  cardiac  dulncss 
only   i-  air.'eled:  tlic  absenee  of  mohiliiy  of  1lic  border  of  the  lung 
eonlirm-  llio  facl  of  llie  app.irent  increase  of  hearl  dniness.     Secondly, 


(<■)     AlTATil- 
OF  Till:  IlKAEtT.- 

Ibe  lung  over  a 
outline  of  uliieh 
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tfaiB  may  oocnr  alao  as  a  result  of  a  pushing  forward  of  the  heart  by 
a  tmnor  or  aneurism  in  the  posterior  mediastinum.  In  the  third 
plaoe^  apparent  increase  of  cardiac  dulncss  may  be  observed  where 
the  adjacent  lung  is  .consolidated  or  the  pleura  thickened.  But  by  the 
method  of  percussion  alone  it  may  be  impossible  to  determine  where 
heart  dulness  begins  and  pulmonary  or  pleural  dulness  ends;  the 
position  of  the  apex-beat,  the  character  of  the  vocal  fremitus  and 
breath  sounds  must  be  solicited  as  aids  in  the  diagnosis. 

{d)  It  remains  to  note  actual  inckease  of  the  precordial  dul- 
KE88  UPWARD,  bccause  of  disease  of  the  aorta  especially.  Extension 
of  dulness  above  the  normal  cardiac  area,  and  to  the  right  of  the 
sternum,  usually  means  aneurism  of  the  ascending  portion  of  the  aortic 
arch;  over  the  manubrium,  of  the  transverse  portion;  to  the  left  of 
the  sternum,  in  the  first  and  second  interspaces,  of  the  descending 
portion  at  its  beginning.  Aneurysmal  dulness  is  thus  commonly  a 
smaller,  rounded  area  of  dulness,  superposed  and  connected  with  the 
larger,  triangular  area  of  cardiac  dulncss. 

(2)  Diminished  and  Absent  Cardiac  Dulness. — As  the  area  of 
absolute  or  exposed  cardiac  dulness  depends  upon  the  extent  of  the 
overlapping  lung  borders,  and  as  the  deep,  relative,  or  covered  dulness 
depends  upon  the  thickness  of  the  saine  as  well,  it  is  evident  that 
any  diminution  of  these  areas  (but  especially  of  the  superficial  area) 
must  mean  some  encroachment  upon  the  boundaries  of  the  heart  by 
air-containing  tissue.  This  condition  is  most  typically  illustrated  in 
cases  of  empliysema  of  the  lungs.  In  very  marked  instances  of  the 
latter  the  cardiac  dulness  mav  be  totally  absent.  In  moderate  cases 
the  heart  outline  may  be  percussed  by  the  heaviest  strokes.  As  the 
heart  in  advanced  cases  of  emphysema  is  frecjuently  enlarged  (right 
ventricle),  there  is  often  difficulty  in  detecting  it  by  percussion  be- 
cause of  the  interpcsed  enlarged  lung.  So  that  a  normal-sized  area 
of  cardiac  dulness,  with  the  existence  of  emphysema,  would  really 
indicate  a  considerable  enlargement  of  the  heart. 

The  heart  dulness  is  absent,  also,  owing  to  the  presence  of  air 
in  the  pericardium  —  pneumopericardium  —  from  injury,  as  stab 
wounds;  there  is  then  a  tympanitic  resonance  heard  in  percussing 
over  the  heart.  Similarly,  the  juxtaposition  of  a  left  pneumothorax^ 
or  of  a  gaseous  distention  of  the  stomach,  may  prove  deceptive  in 
causing  a  loud,  deep  resonance  or  tympany  in  the  prajcordial  area. 

(3)  Displaced  Cardiac  Area  of  Dulness. — Whether  the  heart  dul- 
ness, in  cases  of  its  dislocation,  can  be  elicited  or  not  depends  upon 

the  cause.    If  within  the  reach  of  the  percussion  strokes  at  all,  its 
10 
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liize  and  outlines  will  correspoad  wilh  thoBP  of  the  heart  itself  pretty 
nearly.  The  causes  of  displaeemeut  have  been  given  under  inspection 
Hnd  palpation,  in  conneeiion  with  displacements  of  the  apex-l>eat; 
indeed,  when  paJpalile,  the  position  of  the  apex-l»eat  aids  materinlly 
in  locating  the  heart  dulness.  Even  then  it  may  be  impossible  to 
delimit  the  cardiac  dulness  throughout,  when,  aa  often  happens,  the 
eaui^  of  the  displacement  as  a  pleuritic  exudation  itself  gives  dulness 
on  percussion. 

The  dislocated  ar»?a  of  dulnesa  of  a  dislocated  heart  may  thus  1m? 
normal  in  size;  it  may  bo  emallcr  than  normal,  as  when  the  heart  is 
drawn  under  and  away  from  the  chest  wall  by  pleural  adhesions  and 
shrinking  of  the  lung,  or  it  may  be  increased  because  of  a  larger 
parietal  conlact  with  the  chest  wall  when  the  heart  is  pushed  up 
agftinijl  it  by  n  high  position  of  the  diaphragm.  Moderate  displace- 
ment of  tliG  heart  to  the  right,  nnder  the  sternum,  as  from  emphy- 
sema, is  dei^ignated  as  mfnomrdta.  Extreme  displacement  to  the  right, 
as  in  very  large  left-sided  pleural  effusions,  or  in  transposition  of  the 
viscera  (iti(ug  invi-rxus).  i«  known  as  dexlromrdui. 


CHAPTER    XII 

AUSCULTATION 

Auscultation  may  l)C  coiisidenMl  tlic  diagnostic  climax  in  the 
physical  examination  of  the  heart ;  not  necessarily  a  method  of  mde- 
pendent  value  and  reliability,  hut  one  which  affords  the  most  positive, 
precise,  and  complete  data,  without  wliich  those  obtaininl  by  insjiec- 
tion,  palpation,  and  percussion  would,  coml)ine(l,  fall  far  short  of 
indicating  the  physical  condition  of  the  heart  and  its  valves.  Indeed, 
the  perfection  or  abnormality  of  the  cardiac  iiu^cluuiisni  may,  in  most 
cases,  be  estimated  fairly  well  from  the  character  of  the  cyclic  sounds 
alone.  Obviously,  to  determine  and  dilferentiate  as  fully  and  accu- 
rately as  possible  the  significance  of  variations  of  the  natural  and 
adventitious  cardiac  sounds,  auscultation  should  alwavs  follow  the 
other  methods  of  exploration.  No  method  is  suflicient  without  the 
others;  the  data  obtainable  by  all  four  methods  must  be  collected, 
collated,  and  analytically  considered  before  any  diagnostic  conclu- 
sions are  properly  dcniuciblc. 

The  object  of  the  auscultator  is  to  find  out  the  charactcM*  of  the 
heart  sounds,  and  then  to  delect  and  studv  any  aducnlitiuus  sounds 
{murmurs)  that  may  be  heard. 

METHOD    OF    EXAMINATION 

Immediate  auscuUaiion  nuiy  at  times  be  em]>loved  by  an  experi- 
enced and  skilful  examiner,  to  ascertain  in  a  general  way,  as  in  emer- 
gency, the  condition  of  the  heart  sounds  or  the  presence  of  a  murmur. 
But  no  accurate  work  can  be  done  without  the  use  of  a  stethoscope. 
My  preference  is  exclusively  for  the  binaural,  with  a  small  chest  piece, 
80  that  it  may  be  placed  evenly  in  the  interspaces,  and  so  that  the 
precise  points  of  origin  of  the  particular  physical  signs  may  l)e  sharply 
localized.  Whatever  form  of  stethoscope  is  adopted  by  the  physician, 
whether  the  single,  ordinary  binaural,  Bowies',  or  other  pattern,  let 
him  use  that  which  continually  gives  the  best  and  most  satisfactory 
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results  to  himself,  no  matter  how  favorable  the  recommendatione  of 
other  ins  t  nunc  at  B  by  other  men.  It  may  be  added,  however,  that  by 
immediate  nuseultatioa,  especially  in  cases  of  hypertrophied  and 
dilated  heart,  one  may  occasionally  Iwtter  determine  the  time  during 
the  cardiac  cycle  when  the  normal  and  abnormal  sounds  ocenr  by 
noting  the  time  when  the  impulse  is  felt  by  the  tactile  sense  of  the 
ear.  Usually  the  practise  is  to  palpate  the  carotid  artery  with  the 
finger,  and  thus  compare  its  pulsation  with  the  heart  sounds  or 
murmurs. 

The  patient  should  be  at  rest  in  body  and  serene  in  mind,  prefer- 
ably in  a  comfortable  sitting  posture,  so  as  to  bring  the  heart  in 
close  contact  with  the  chest  wall.  Sometimes  it  may  be  necessary  to 
have  him  make  a  little  exertion  when  the  sounds  arc  very  weak,  'llie 
resulting  incrooR-d  activity  of  the  heart  and  intensity  of  the  sounds 
may  \>c  obtained  by  having  the  patient  sit  up  in  bed,  or  turn  over 
euvx-ral  times,  or,  if  out  nf  bed,  bend  the  body  backward  and  forward 
a  few  times  while  standing,  or  step  off  a  few  paees  briskly. 

THE    NORMAL    HEART 
NORMAL  HEART  SOUNDS 

When  the  r^ttthnscojn'  is  applied  over  the  ImhIv  of  the  heart,  in 
the  ihird  and  fourth  interspaces,  wittiin  and  iu  the  left  parasternal 
line,  we  hear  sounds  and  silences  or  pauses  rhythmically  alternating. 
Indeed,  they  iTi,iy  be  distinctly  audible  all  over  the  precordium,  and 
for  some  disianec  beyond  it  on  both  sides  of  the  chest;  faintly,  even 
posteriorly,  in  certain  individuals  with  thin  thoracic  walls.  The  pre- 
dominant sound  is  found  to  1h'  synchronous  with  the  apex -beat  and 
carotid  pulse  as  palpalcil  with  the  finger,  and  hence  is  called  the 
stfstalii  m  firft  sound.  Ijecause  it  coincides  with  these  phenomena  of 
the  systole  or  ventricular  contraction  of  the  heart.  An  extremely 
short  pause  follows,  which  is  in  turn  followed  by  a  different  sound, 
the  >"■(■('»(/,  or  dla-'I'iHr.  This  sound  occurs  at  the  Ix^nning  of  a 
longer  pause,  corrcs])onding  to  the  diastole.  These  two  sounds  are 
often  inidiitonally  represented  by  llie  respective  monosyllables,  hih- 
dub.  Thus  the  (irst  sound  and  short  pause,  second  sound  and  long 
pause  consiitute  a  complete  cardiac  cycle.  This  rhythm  of  sounds 
and  silence-  i-^  not  apparent  in  infants,  where  the  former  are  alike  in 
charaetiT  am!  the  latter  in  duration,  similar  to  the  uniform  ticking 
of  a  wiilih.  [ti  tlic  adull.  therefore,  Imw  do  we  distinguish  between 
these  hvo  mhhhI-  in  iheiiiselvcs:-'     The  answer  i- :  By  their  attributes. 
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Zlnt  Sound. — The  quality  of  the  s^'^tolic  sound  is  a  dnll  booming 
"lnb."  The  intensiiy  is  comparatively  marked.  The  pitch  is  rela- 
tinly  low.  The  duration  is 
kog. 

Seeoad  Soiud. — The  quality 
of  this  sound  is  sharp,  snap- 
ping, or  clicking.  Its  intennil)} 
u  lees  loud  than  that  of  tlie 
first  sound.  The  pitch  is  dis- 
tinctly higher  than  the  other. 
The  dunition  is  shorter.  In 
other  words,  the  first  sound 
is  heavier,  louder,  lower,  anil 
longer  than  the  second;  or, 
conversely,  the  second  sound 
b  snappier,  softer,  higher,  and 
shorter. 

Although  the  first  and  sec- 
ond heart  sounds  may  be  heard 
over  the  whole  precordiuo),  their 
accent  varies  at  different  jioints. 
while  the  rhythm  remains  the 
same.  Thus,  since  the  first 
sound  corresponds  with  tlie 
Tentricular  systole,  it'  aecimt- 
uation  is  heard  ut  that  point 
where  the  ventricular  enmhic- 
tion  of  sound  is  best  heard. 
namely,  at  or  near  the  apex. 
On  the  other  hand,  the  second 
sound  is  accentuated  at  the  base  ')f  tlic  lieart,  corresponding  as  it 
does  with  the  general  location  of  the  aortic  and  puhnonar^'  valves, 
whose  simultaneous  closure  at  the  conimencement  of  diastole  is  the 
physiologic  explanation  of  this  sound. 

CkiUM  of  th«  Heart  Sounds. — The  first  sound  is  produced  by  the 
synchronua  closure  of  the  mitral  and  tricuspid  valves,  and  the 
synchronous  contractions  of  the  right  and  left  ventricles.  Proba- 
bly the  sudden  rush  of  Wood  duo  to  the  fillinir  of  the  beginnings 
of  the  pulmonary  artery  and  aorta  (the  com  arterioti),  and  the 
impact  of  the  apex  against  the  chest  wall,  are  contribntoiy  factors 
also. 
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The  sfcond  sound  in  imiioubtwlly  tlie  JvenU  of  the  sharp  closuiv?, 
s^'nchniiiously,  iif  Iht'  pulmouary  aiiil  aorLii.-  valvcfs.  Tims  it  will  bo 
noticed  tJiat  both  suimds  are  caused  [iractieally  by  valvular  action, 
although,  a»  will  be  indicated  later,  the  character  of  the  first  soiiiid 
may  be  altered  considerably  in  affocliouB  influencing  the  vigor  of 
11)0  muscular  contract  ions  primarily,  and  thus,  in  a  measure,  the  force 
of  closure  of  the  auriculoventricular  Talves  secondarily. 

The  Cardiac  Cycle. — The  mode  of  pro<luction  of  the  two  heurl 
Miundii  will  ho  understood  better,  perhaps,  by  rehearsing  the  physio- 
logic movement  of  tlie  blood  throuj^h  the  heart,  and  then  simply 
summarizing  the  actual  cardiac  movements  themselves  as  they  bleml 
in  normal  rhythm.  Concerning  the  former,  I  may  quote  with  ad- 
vantage the  clear  and  graphic  stalementa  of  Vierordt:  "The  blood 
ftowa  from  the  body  through  the  cnviK  into  the  right  auricle,  from 
whence,  during  the  ventricular  diastole,  it  passes  through  the  right 
anriculnventrieular  opening,  the  tricuspid  valve,  into  the  right  ven- 
tricle, iK'ing  urged  forward  toward  the  end  of  the  diastole  by  the 
weak  muscular  contraction  of  the  right  auricle.  The  systole  which 
immediately  follows  drives  the  blood  out  of  the  ventricle,  the  trieHS|iid 
valve  being  at  the  same  time  closed,  through  the  open  pulmotiarv 
Hcmilunar  valve  into  the  pulmonary  artery.  The  blood,  prevented 
from  fiowiti;:  hack  into  the  ventricle  during  (he  diastole,  which  imme- 
diiitely  rolloHs.  Iiy  llie  closure  of  the  puluionary  semilunar  valve, 
piisses  ibniiigh  the  lungs,  inid  from  them  flows  into  Ihe  left  auricle, 
wlieriee,  liy  llie  iliii>liile  of  Ihe  vcniricle,  it  flows  through  the  lefl 
aiirieniovetilricnhir  o]i«-niiig.  the  uiitnil  Viilve.  into  the  left  ventricle, 
wbiflier  il  is  agiiin  as>istcl  at  the  end  of  the  dia.sto!c  by  ilie  conlrnc- 
tiiHi  of  the  iiuriele.  The  h'ft  ventricle  discharges  it.'*  contents  during 
ihe  systnle  (the  mitral  valve  Iwing  closed)  into  the  commencement 
of  the  aorla,  tliroiigh  the  open  aortic  .semilunar  valve,  whence  it  is 
prcventeil  from  reluming  to  the  ventricle  wiien  the  pressure  from 
the  ventricle  ceases  and  tlie  diastole  begins,  by  the  closure  of  the 
ve.     The  l)lood  then  flown  from  the  convs  aort/r 

iicc,  however,  it  should  be  remembered  that  the 
rta  and  pulmonary  artery  at  the  same  time  by 
tractions  of  the  two  ventricles.  With  the  com- 
')lic  unison,  relaxation  nf  the  ventricles  en.sues, 
^oil  of  Ihe  aricrial  widls  forces  the  columns  of 
tlio  >euiihinnr  valves,  which  close  with  the 
i-ioti    thus    ill    Ihe    comuicnc<Muent    of    the    veil- 


aoi 

rlic 

■onillii 

iiil..  Ill 

,c  I.I.I; 

In 

the  St 

l)l( 

lod 

I'lltrrs 

1li( 

■tinii 

iK-liroii 

..f  n 

AUSCULTATION  263 

tricnlu  diut(>l&  HeiLce,  four  sounds  arc  crvaktl,  onu  at  t-ach 
nlve  orifice,  normally  audible  ae  two  bccauHo  of  thu  simultaneous 
donire  of  each  homologous 
pair. 

In  connection  with  the 
fint  or  ventricular  sytitolic 
sound,  Babcock  wnte^  as  fol- 
lows: ''Physiology  teaches 
us  that  the  duration  of  this 
phase  of  the  cardiac  cycle  i> 
■fff  of  a  second,  subdivided 
as  follows ;  During  the  first 
tenth  of  a  second  the  ventri- 
cle is  initiating  its  contrac- 
tion and  is  silent;  during 
the  following  -^fi;  of  a  sec- 
ond its  contraction  reaches  Fm.  as. 
its  maximum  energy,  the  an-  '"'  ™ 

riculoventricular  valves  close,  b1ii>v™ 

and  the  first  heart  sound  in  spvera 

heard;  the  final  tenth  of  the  "    ," 

second,    during    which    the  cunliii 

ventricle  still  remains   con-  "'"''' 

tracfed,  is  again  a  periotl  of  dam- 

silem-e,  and   tcniiiniiter:  the  v.>iiiri 

phaKC    of    ventricular    sys-  |.',.^^. 

inle." 

To  gummarizc:  The  rtii/tlim  or  Hi 
between  the  first  and  second  cardiac  srn 
characteristic  attributes,  the  first  or  sy 
is  heard  at  the  time  of  the  normal  cardiiic  impulse  or  carotid  pulse, 
or  just  before  the  radial  pulse,  the  second  sound  licing  the  one  which 
follows  the  impulse.  Also,  the  sound  which  follows  the  l<tng  wilcnce 
is  the  first  sonnd ;  that  which  precedes  the  long  and  follows  the  short 
silence  is  the  diastolic  or  second  sound.  The  systolic  sound  is  partly 
(mainly)  valvular  and  partly  muscular ;  the  other  purely  valvular. 

From  the  preceding  it  is  apparent  that  the  valves  are  very  essen- 
tial in  the  production  of  the  heart  eoundn,  and  therefore  that  any 
alterations  of  these  sounds  must  mean  some  imperfection  in  the  func- 
tion or  structure  of  one  or  more  of  these  valves  or  their  orifices.  But 
the  heart  is  double,  and  the  problem  in  physical  diagnosis  is  to  deter- 


(AfUT  Sliar))vy.)  This  diagram 
iiierply  the  general  rdatioiiB  of  the 
I  cvi'iitH,  And  ilaee  not  niprewnt  ox- 
?atiurcnmi(i'.     In  a,  lirart  beating  73 
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loiic  sound  bcinj;  that  which 
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mine  whether  tho  righl  or  the  left  auricalovcntrieular  vaire  is  at 
fault  in  causing  any  abnormality  of  the  first  or  systolic  sound,  wliicli 
is  synchronously  produwd  by  liolh,  and  whether  the  right  or  left 
semilunar  valve  is  di^ased  when  the  separately,  yet  synchronously, 
produced  second  sounds  are  altered.  Furthennore,  aa  the  adventitious 
heart  sounds  known  as  murmurs  occur  in  connection  with  affections 
of  the  valves,  it  is  of  first  importance  to  know  which  of  the  four 
valves  18  the  seat  of  the  lesion. 


VALVE  AJtEAS 

Naturally,  one  would  auscult  at  that  point  which  is  nearest  to 
any  particular  valve  and  orifice,  but  experience  has  shown  that  the 
clinical  ari'as  of  diSerentiation  do  not  correspond  with  the  auatomic 
positions  of  the  valves.  Thus,  a  superficial  area  of  half  an  inch 
(iquare  will  include  a  portion  of  all  four  sets  of  valves,  so  that  stethiv 
scopic  examination  here  fails  to  delect  the  valve  affected.  We  cannot 
tell  a  right  first  or  second  sound  from  a  left  first  or  second  sound,  or 
at  which  orifice  a  murmur  is  developed. 

The  respective  valve  areas  scleclod  for  anscultating  the  heart 
repTceeDt  the  points  to  which  the  vibrations  from  th«  ctJiTesponding 
valves  iirc  l.cst  cnii.luctod.  mid  c\hiijit.  therefore,  llic  prealesi  inti'ii>ily. 
\Vc  hiivL',  Ihcn,  the  uiitnd  area,  the  tricuspid  area,  the  aortic  area,  and 
tlie  piiliuoiiiiry  area.  Tlie  mitral  and  ainlic  valve  sounds  are  most 
audible  at  a  frrcatur  disiaiK-c  from  their  anatomic  jwsitions  of  origin 
than  arc  tlie  tricuspid  aiul  pulmonary  Iiccause  of  tlicir  deep  location, 
the  first  bcin;:  hcliinil  tlic  overlapping  lung,  the  second  behind  the 
puliuoiiiiry  artcrv.  (In  llic  otlicr  hand,  the  tricuspid  and  pulmonary 
valves  arc  comparatively  iii'ar  the  surface  of  the  chest  wall,  and  con- 
scqui'iilly  .ire  productive  of  sounds  which  are  distinctly  audible  near 
their  aiiatoiuic  oriijins. 

Areas  of  Hazimuin  Intensity, — Tlie  locations  of  greatest  intensity 
of  the  first,  systolic,  or  ventricular  soiirid^ncar  the  apex — and  the 
secntid.  <iiii-t(>lic,  or  arterial  sound^al  llic  liasc  of  the  heart — have 
already  been  indicated. 

;  ^liTKAl,  .\[!i:a. — Tlif  sound  ]iroduciil  by  the  closure  of 
.alvi!  (at  systole)  is  best  heard  at  the  apex,  within  an 
in.  in  diameter.  It  is  mnre  audible  here  than  over  the 
tioii  of  ili,.  valve.  I.vmisc.  in  ii-  ileep  origin,  it  is  con- 
e  v.:\]\'  nf  ilie  |,.fi  veiilricle  tn  lliat  i".tnl  whcrc  llic  latter 
lies  most  clo^elv  in  llic  llioraeiu  wall,  luiiuely,  tlie  impinging  lip. 
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(2)  The  Aoutic  Area. — The  second  right  inlerrostal  gpare  near 
the  bfjnler  of  the  steniiini  is  the  point  of  luaximuiii  lomlnt'Sfi  of  the 
sound  of  fWure  of  the  aortic  valve  leaflets.     This  is  because  the 


h  M. — Areah  of  TilE  Cardiac  Murmuiu.  (After  Gairdner  and  Luschkn.)  Tlie 
auUines  of  orgiuiH,  which  are  purtially  invisible  in  tlie  dissrclion,  are  indicalnl 
by  very  fine  dotted  lines;  while  the  arcan  of  propagation  ot  valvular  rounntlrs,  as 
:ribed  in  the  text,  liave  been  roughly  marked  by  additional  mueh  cwarsor  ami 
more  visiblp  dotted  lines — tlic  character  of  the  dots  being  different  in  each  uf  tlic 


of  milral  m 
ipace  indicating  the  o 
ing  mainly  with  the  whole  si 


A  capital  letter! 
Eorreaponding  witli  the  left  apejt;  B,  the  irregular  e 
liiaitji  of  diffusion  of  aortic  murmurs,  corrmpoDdinj 

extending  into  the  neck  along  the  ooume  of  the  niierice:  C,  the  broad 
and  somewhat  [tifTused  area  occupied  by  tricuspid  murmurs,  and  correapondiiig 
generally  with  the  right  \-entricle;  D,  the  cireumacribed  circular  area  over  which 
■«  are  commonly  heard  loudost.  Reference  letters:  r.  nu.,  right 
auricle;  a,  a.,  arch  of  aorta;  v.  i.,  the  two  innominate  veins;  v.  e.,  vena  cava  de- 

p„  pulmonary  artery;    I.  an.,  left  auricle;    I.  v.,  left  ventricle;    r.  v., 
ri^t  ventricle.     (rSiilayson.) 

Bound  is  propajtcnlwl  along  the  course  of  the  Mood  current  to  that 
portion  ot  tho  ascending,  tense- walled  aorta  which  is  nearest  to  the 
[urface  of  the  chest  at  tlie  second  right  cartilage. 
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(3)  TiiK  Tuicuspro  Akea.— The  jwiut  of  elwtioa  in  auscullating 
the  Iricur^piil  I'k'iiieut  of  the  first  sound  is  at  the  lower  imri  of  lln: 
elernum,  esix^ially  near  tlie  left  border  opposite  the  fourth  and  fifth 
interspaces.  It  is  in  this  region  that  the  right  ventrk-le,  uiicovfri.-d 
\ty  hing.  is  in  close  contact  wilh  the  chest  wall. 

(4)  Tub  Pui-monic  Area. — The  closure  of  the  pulmonary  valve 
is  heard  best  at  the  second  Irft  inln-space  near  the  sternal  border,  or 
at  the  sternal  end  of  the  third  left  costal  cartilage,  directly  over  the 
valve  itself.  This  is  the  only  one  of  the  four  areas  for  auscullalion. 
therefore,  which  coincides  practically  with  the  anatomic  position  nf 
tlie  valve. 

Till-'  points  of  election  just  given  are  nsed  in  localizing  the  seat 
of  production  of  organic  valvular  iniirnnirfl  even  more  tiian  for  the 


A 


purpose  ..f  dill.TeTiliiitiiij:  tlic  r-opanile  ' 
(liotijrh  llie  iluirncleis  mid  i-lianj;es  of  Ihe 
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and  aeoond  sounds  as  heard  at  the  four  valve  areas  in  the  following 
manner: 

"  Apex  of  the  heart  {mitful  orifice) : 

"  First  sound :  Closure  of  the  mitral  valves  and  ventricular  con- 
traction. 

"  Second  sound :  Prolonged  aortic  second  sound  (closure  of  aortic 
valve). 

"Under  the  sternum  {tricuspid  orifice) : 

"  First  sound :  Closure  of  the  tricuspid  valves  and  ventricular 
contraction. 

"  Second  sound :  Prolonged  pulmonary  second  sound. 

"  Second  intercostal  space,  right  or  left  (aorta,  pulmonary  ar- 
tery) : 

"  First  sound :  Sudden  filling  of  the  beginning  of  the  aorta,  of  the 
pulmonary  artery,  and  continuation  of  the  first  ventricular  sound. 

"  Second  sound :  Closure  of  the  semilunar  valves  of  the  aorta,  or 
of  the  pulmonary  artery.^ 


yy 


PHYSIOLOGIC  VARIATIONS  OF  THE  HEART  SOUNDS 

Within  normal  limits,  the  heart  sounds  may  vary  in  strength  or 
loudness.  This  is  true  usually  of  both  sounds  together;  that  is,  thoy 
are  both  relatively  increased  or  diminisluMl  in  intensity.  The  condi- 
tion may  be  temporary,  as  the  increas(»  of  intensity  duo  to  a  full, 
stimulating  diet,  physical  exertion,  or  mental  excitement,  or  more  or 
less  persistent,  as  the  increase  from  thinness  of  the  fleshy  coverings 
of  the  chest,  as  well  as  the  flexihilitv  and  delieaev  of  the  lionv  thorax 
in  children  and  certain  delicate  adults.  On  the  other  lumd,  in  those 
with  thick^  obese  chest  walls,  and  especially  women  with  large,  fat 
mammary  glands,  both  sounds — the  first,  usually,  more  than  the  sec- 
ond, however — are  relativclv,  vet  nonnallv,  weakened.  The  heart 
sounds  are  also  less  distinctly  heard  in  an  individual  lying  down  on 
the  back  or  reclining  than  when  in  the  upright  position,  owing  to  the 
organ's  swinging  back  from  the  precordial  region. 

Thus  it  is  apparent  that  the  loudness  of  the  cardiac  sounds  de- 
pends upon  the  nature  and  thickness  of  the  media  through  which 
they  have  to  pass,  the  degree  of  blood  pressure  within  the  heart  and 
arteries^  and  the  distance  of  the  vibrating  valve  orifices  and  ven- 
tricular muscle  from  the  front  surface  of  the  chest. 

The  individual  valve  sounds  vary  also,  intrinsically,  and  according 
to  the  factors  of  age,  temperament,  vigor  of  health,  and  character  of 


PHYSICAL    DIAGNOSIS 

tyatem.  occupation,  etc.  Sot  only  intensity,  liut  normal  qual- 
ity, pitfh,  duration,  ami  rliythniic  Tarintiona  are  frequently  observt-d. 

In  chililliotKi,  ihe  valvular  elcmtrnt  of  the  first  sound  predominates 
over  tile  museular,  and  has  n  morL-  ringing,  higher-pitched,  shorter 
character  than  in  the  adult.  In  the  latter,  the  first  sound  has  a  duller, 
more  booming  quality,  of  lower  pitch  and  longer  duration,  although 
in  certain  thin,  nervous  people  it  may  partake  of  the  tjiie  of  early 
life.  In  the  very  vigorous  and  robust  the  first  sound  is  often  of  a 
loud,  prolonged,  rumbling  nature,  while  in  the  fat  and  uidolcnt  it  i^ 
distant,  indistinct,  and  short.  The  sound  as  heard  in  the  tricuspid 
area  is  of  about  equal  character  and  intensity  as  that  of  the  mitral 
area,  although  at  every  age  the  latter,  or  sound  produced  by  the  left 
ventricle,  is  more  likely  to  l)e  a  little  heavier  than  the  other,  if  there 
is  any  difference  at  all. 

The  second  souv/l  is,  of  course,  louder  at  the  base  than  at  the 
apex.  Its  component  etementH,  however,  differ  in  relative  intensity. 
In  childhood  the  pulmonic  sound  is  the  stronger  of  the  two,  in 
middle  life  they  are  about  equal  in  loudness,  while  in  advanced  age 
the  aortic  sound  predominates  over  the  pulmonic,  probably  because 
of  the  senile  degenerative  changes.  As  to  pitck.  in  a  series  of  nearly 
500  healthy  individuals  I  have  found  that  in  about  eighty  per  cent  the 
aortic  sound  was  slightly,  but  dislinctly,  higher  than  the  puliuooio, 
the  iigcs  ranging  from  Iwcnly-twn  to  fifty  years  principally.  I|i'nf<', 
Ihe  li'rm  ariiiituiiliiiii,  which  is  generally  applitid  to  variations  of  ihc 
intensity  nf  ilie  souikIs,  should  not  be  used  without  careful  iliscrirn- 
inalinn,  and  the  proper  designation  of  Ihe  atlrihuto  wliieli  may  ix 
i|uiililied.  l-'or  if  the  aorlic  sound  is  referred  to  as  acci'ntualed,  for 
example.  Ihe  diagnostic  interpretation  and  value  of  the  physical  sign 
will  depend  more  or  less  considerably  upon  whether  intensity  or  piteb 
is  meant.  In  regard  to  pitch,  the  designations  rhmlion  or  drprcxsion 
may  be  used  here.  Just  as  they  appropriately  describe  variations  of  this 
attribute  in  other  connections. 

The  rliijihm  of  the  first  sonnd  may  be  physiologically  disturbtxl 
in  a  so-called  duuhlhuj,  whereby  the  sound  is  divided,  but  yet  without 
any  interval  such  as  exists  between  the  first  and  second  sounds.  It 
may  lie  likened  to  the  pronouncing  of  the  syllables  "turrupp"  or 
"  trn|ip."  This  phenomenon  may  occur  in  health  at  the  end  of  a 
di.rp  insjiiration  and  holding  Ihe  breath,  although  this  i-  muth  moie 
common  as  a  cause  of  douliling  of  the  normal  second  -ound  In  fad, 
doubled  lirst  -;ound  is  rarely  physiologic,  and  is  more  .i])par.>nt  llitin 
real,   Ibe  splilling  of  the  sound  being  pnibahly  due  lo  a   transient 
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peculiarity  whereby  the  **  mazimuin  intensity  of  the  left  first  sound 
doa  not  ooindde  with  the  maximum  intensity  of  the  right  first 
■omid.''  Or  possibly  the  doubling  may  be  due  to  temporary  exeite- 
meiit  of  the  heart,  in  which  one  hears  the  sudden  shock  communi- 
eated  to  the  ventricular  contents  just  before  the  occurrence  of  the 
■ystola 

Reduplication  or  division  of  the  second  sound,  while  also  occurring 
ocvrmally  sometimes,  is  usually  patliologic.  It  is  likewise  heard  in 
some  individuals  at  the  end  of  a  deep  inspiration,  the  intracardio- 
▼ascnlar  pressures  being  altered  for  the  moment,  so  that  the  pulmonary 
and  aortic  valves  fail  to  close  simultaneoiislv. 

PATHOLOGIC   MODIFICATIONS   OF   THE    HEART 

SOUNDS 

Changes  in  the  charaeler  of  the  lu»art  soinuls,  inilividiially  or  col- 
lectively, may  be  observed  in  diseased  conditions  in  eonneetion  willi 
one  or  more  of  the  attributes,  although  the  most  imi)ortant  alterations 
pertain  to  the  intensity,  pitch,  and  rhythm  of  certain  sounds  as 
regards  diagnostic  and,  sequentially,  prognostic  and  therapeutic  sig- 
nificance and  trend. 

Quality. — The  first  sound  may  become  sharper  and  more  sna])ping, 
like  the  second  sound,  and  at  the  same  time  shorter  and  higliei 
pitched,  although  the  actual  volume  (loudness)  of  sound  is  dimin- 
ished. This  flapping  quality  of  the  first  sound  indicates  weakness 
or  thinness,  or  both,  of  the  ventricular  walls,  as  met  with  in  eases  of 
marked,  chronic  debility  from  anvwin,  chronic  fubrrruJosis,  and  the 
like,  and  in  those  phlegmatic  and  neurotic  tcfupr  ram  cuts  which  are 
often  hereditary  and  sometimes  acquired  in  certain  walks  of  life. 
This  modification  of  the  first  sound  is  not  infrequently  noticed  in 
eases  of  obstruction  of  the  mitral  orifice,  with  consequent  atrophy 
and  weakness  of  the  left  ventricle. 

The  second  sound  may  have  a  kind  of  clanging,  flopping,  or 
hooming  quality,  also  lower  in  pitch.  1  have  found  this  to  be  most 
distinct  in  the  second  right  interspace,  in  very  old  persons  giving 
eridence  of  loss  of  aortic  elasticity  from  fatty  degeneration  of  the 
walls  of  the  arch,  with  dilation  of  the  aorta;  also  in  cases  of  weak 
Tentriele,  the  systemic  arteries  being  normal. 

Metallic  quality  of  both  heart  sounds  indicates  usually  a  large, 
amooth-walled  pulmonary  cavity  near  the  heart,  a  pneumopericardium 
or  a  pneumothorax,  or  an  inflated  stomach. 
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Intensity, — Changes  id  iutcofity  or  InudnesB  may  affect  both 
sounds  equally,  or  they  mny  affect  hut  one  sound,  either  by  way  of 
increase — acceniuation — or  dimimition. 

(Ij  Ikcreabed  Intensity  of  Both  Heabt  Socnds. — Essen- 
tially this  will  occur  in  all  conditions  in  which  the  blood  pressure 
of  the  pulmonary  or  systemic  eirculations  is  increased.  Overaction 
of  the  heart,  therefore,  from  whatever  cause,  transient  or  permanent, 
usually  accounts  for  abnormally  increased  intensity  of  the  heart 
sounds,  provided  that  certain  adjacent  change  may  lie  eliminatefl. 
These  may  be  pleural  or  pulmonary  conditions,  catiiiiug  the  heart 
to  be  uncovered  more  tlian  nomiai ;  connoHtltilifm  of  the  uorrlnpjiin-f 
lung,  which  facilitates  and  exa^erates  the  conduction  of  the  heart 
Rounds;  juxtaposed  cavitien  in  ike  lung  and  pneumothorax ;  and,  at 
times,  adhrrrnt  pericardium, 

Intensilication  of  heart  soundii  from  overaction  is  wilnestiod  in 
CB9CS  of  cardiac  hypertrophy,  nervous  excitemwit  and  palpilntion, 
exophthalmic  ^iter  or  BaRedov'fl  dit>oa»c,  and  in  certain  febrile  and 
anemic  stales. 

(8)  DiMiNisiiER  Intensity  op  Hk.^ht  Sounds. — Weakening  of 
Uie  heart  sounds  may  be  due  to  causes  in  the  heart  itself,  or  to  the 
muffling  effect  of  interpoeed  stmcturee.  Of  the  former  should  be 
mentionefl  the  weakened  heart  muscle  from  the  various  causes  of 
degeneration,  ofleu  accompHuieil  wilh  dilation,  such  as  the  loxvmius 
ijf  pruloiif/rd  fcvrrs,  f^i-plii-  condiliunx,  carbonic-acid  and  other  poi»on- 
iiiij,  mn'ir/irdilix.  fiittij  dciji-ncriilion.  cardiac  u-caknavi  from  general 
exhaai^li'iii,  as  in  shock,  hemorrhage,  and  malignant  diwase.  and  the 
has  of  compewaliun  in  a  hyperlrophied  heart  with  valvular  tenons. 
Closely  rclattil  to  these  affections  is  the  central  or  peripheral  paralysis 
of  tiie  pncumogaslric. 

T'lidcr  the  sivoiid  category  may  he  put  the  conditions  which  dis- 
|)liicc  the  hear!  or  scjiarate  the  heart  frotu  the  chest  wall  pathologically. 
{•Jtiiphi/sriiiii  of  tlie  tiuig,  tlic  enlargcil  margin  of  which  masks  the 
carcliac  sounds  liy  ils  grcalcr  overlapping,  perirtirdial  and  pleurilir 
rffiismis,  UOoiig  here.  Finally,  t!ir  lu-arl  s.iunds  may  be  wcakeneil 
rebilivclv  l>v  llir  iiilcrfi-riiig  ciroct  of  loud  rales  in  adjacent  parls  of 
the  liuig>. 

(;i|    MniiiKir 
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tensifjr  or  lessen  the  first  sound.  Accentuation  of  this  sound  is  com- 
monly of  two  varieties:  either  the  increased  loudness  is  associated 
with  a  dull  booming^  grave,  long  character,  or  it  is  of  a  flapping, 
short  and  sharp  character.  The  flrst  variety  is  found  typically  in 
•cases  of  marked  hypertrophy  of  the  ventricle  {left,  especially)  or 
ventricles,  and  this  is  usually  followed  by  an  abnormally  loud  second 
sound.  The  peculiar  quality  of  accentuation  of  this  sound  of  ven- 
tricular hypertrophy  may  be  due  to  a  degree  of  exaggeration  of  the 
muscular  over  the  valvular  elements. 

The  second  variety  of  accentuated  systolic  sound  is  often  due  to 
moderate  dilation  and  weakness  of  previously  hypertrophied  heart 
walls.  The  valvular  component  predouiinates  here,  and  the  high- 
pitched  soimd  has  the  snap])y  charaeter  of  tlie  **  irritability  of  weak- 
ness." This  modification  of  intensity  is  noted  also  in  sonic  athletes 
who,  after  a  season  of  severe  etTorts  in  e()nij)etitive  sports,  cease  or 
relax  careful  habits  of  training  and  physical  culture;  also  in  many 
of  those  persons  who  are  conveniently  classed  as  "  neurotic/'  and  at 
the  onset  of  acute  febrile  diseases. 

A  phenomenally  intense,  slapping  character  of  the  first  sound  is 
considered  almost  diagnostic  of  mitral  stenosis  by  some  experienced 
clinicians.  Whether  or  not  the  accentuation  of  the  first  sound  is  due 
to  increased  action  or  intraventricular  pressure  on  the  right  or  left 
side  will  depend  mainly  upon  stetboscopie  localization  over  the  tri- 
cuspid and  mitral  valve  points,  although  it  is  generally  difficult  to 
determine  the  relative  loudness  of  the  mitral  and  tricuspid  first 
sounds.  Accentuation  of  eitlier  nuiy  l)e  beanl  and  inferred  because 
of  greater  distinctness  at  tlie  base  as  well  as  tbe  apex,  so  much  so 
that  the  first  sound  at  the  former  region  may  seem  louder  tlian  the 
second  sound,  provided,  of  course,  that  tbe  second  sound  is  not  abnor- 
mally weak. 

Increased  intensity  of  the  mitral  tlrst  sound,  while  usually  due  to 
hypertrophy  of  the  left  ventricle^  as  from  chronic  interstitial  nephritis 
and  arteriosclerosis,  aortic  stenosis  and  aortic  aneurism,  the  converse 
is  not  necessarily  true;  that  is,  in  sonic  of  these  cases  the  sound  may, 
on  the  oontrar)',  be  quite  muffled. 

Individual  accentuation  of  the  tricuspid  first  sound  is  less  com- 
mon than  of  its  fellow.  When  dctectxHl,  however,  it  indicates  some 
obstruction  to  the  flow  of  blood  into  the  left  chaml)crs  of  the  heart, 
directly  because  of  valvular  difficulty,  or  indirectly  l)ecause  of  some 
obstructive  condition  in  the  lungs,  as  emphysema.  It  often  happens, 
nevertheless,  that  accentuated  tricuspid  closure  lasts  hut  a  short  time. 
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regurgitation   eneuing   to   relieve   the   intraventricular   preaaore,   an 

situated  puhtionic  second  sound  continuing,  however,  as  in  most 
iniitances  of  mitral  and  aortic  lesions,  where  there  is  considerable 
damming  back  of  blood  into  the  pulmonarj*  circulation, 

(4)  DiMiKisiim  Intensity  of  the  First  Sound. — This  occurs 
in  all  cases  of  weakness  of  tlie  venlricular  walls  from  mt/ocardilis, 
dilation,  or  atrophy,  as  in  the  production  of  weakness  of  both  sounds. 
But  as  any  weakness  of  the  ventricular  muscle  will  influence  the 
muscular  component  of  the  first  sound  accordingly  and  primarily,  it 
is  ino«t  important  to  estimate  tha  character  of  the  first  sound  at  the 
apes,  ns  likely  to  manifest  the  first  evidence  of  diminishing  strength 
of  the  left  ventricle.  This  may  be  watched  to  develop  in  the  course 
of  a  typhoid-fever  case,  as  an  example  of  absolute  muscular  fei^ble- 
ness  due  to  the  granular  degeneration  which  lakes  place  in  the  heart 
muscle.  Or,  as  the  result  of  a  relative  condition,  when  hypertrophy 
fails  to  sustain  a  previous  compensation,  and  dilation  ensues,  the  early 
sign  again  is  a  weak,  short,  flapping  character  of  tlie  first  sound 
(mitral),  with  a  distinct,  sharp,  valvular  quality.  Other  general  and 
local  causes  of  weakening  of  the  first  sound  arc  chronic  tva^ling  dis- 
eases, anemias,  etc.,  and  fatiy  heart,  whether  duo  to  fatty  degcnera- 
tioB  of  the  ventricular  muscle  or  to  deposit  and  infiltration  of  fat 
upon  and  between  the  muscle  fibers;  chronic  myocarditis,  especially 
mitral  insiiHiciency  among  valvular  disorders,  and  poriearditic  do- 
po.-'it  upon  the  heart. 

Apimreiil  cardiac  causes  for  weakened  systolic  sound  at  the  apex 
may  be  due  to  emphysematous  lung,  pericardial  or  pleural  elTusiou. 

A  ivord  of  caution  is  necessary  here.  Sometimes  the  first  .sound 
is  almost  inaudible,  and  the  second  sound  alone  being  hoard  with 
distinctness  at  the  apt^x  may  seem  lo  be  accentuated  when  it  is  really 
not  so.  In  c\lreiiie  cases  the  first  sound  is  completely  inaudible,  so 
that  nothing  but  the  clickings  of  the  second  sound,  with  alternating 
silences  of  more  or  less  decided  duration,  are  hoard. 

Vicr«]-dt  refers  lo  Ihe  diagnostic  value  of  marked  weakening  of 
the  apical  first  sound  in  cases  of  aortir  insiiffirirnrr/.  Ho  explains 
this  as  due  to  "'  ihe  reflux  fmm  the  aorta,  with  the  normal  alllux 
from  the  auricle  filling  the  ventricle  abnormally  full;  it  becomes 
dilated,  and  (bus  llic  lips  of  the  mitral  valves,  even  l)efore  the  begin- 
ning of  the  systole,  are  siuuewluit  pushed  up.  When  the  systole  takes 
place.  tliiTi*  i>  then  only  a  moderate  iniTeiise  in  its  tension." 

I)i(iiiiii>lud  intensity  of  the  first  sound  in  Ihe  trinixpid  area  is 
nok'd    In    all    tlio-e    londiliims    mentioned    before    which    affect    the 
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itaaqgth  of  the  Tentricnlar  miucle,  such  as  the  pyrexial  states,  de- 
gnflnrixre  changeB,  obesity,  various  forms  of  chronic  auto-intozica- 
tkm  and  malaaaimilatioii,  etc. 

(5)  AccEnnrATiON  of  the  Diastolic  Sound.  The  Aortic 
Sound. — Normally  the  second  sound  is  Ijetter  heard  at  the  base  than 
at  the  B;pex;  consequently,  whenever  it  is  well  or  loudly  heard  over  or 
near  the  latter  r^on,  the  first  sound  at  tlic  same  time  not  being 
weakened,  it  means  accentuation.  Obviously,  intensification  of  the 
aortic  second  sound  indicates  a  degree  of  recoil  pressure  within  the 
aorta  causing  the  valve  leaflets  to  close  with  iucrensed  tension  and 
suddenness.  As,  in  middle  life,  tin*  aortic  second  sound  is  but  a 
trifle  louder  than  the  pulmonic,  it  is  diilicult  to  detect  slight  accentu- 
ation of  the  former  because  of  tlu^  lack  of  anv  standard  of  invariable 
intensity.  In  the  words  of  Balfour:  ^*  It  is  only  when  some  distinct 
quality  is  superadded,  such  as  that  which  is  very  fairly  expressed  by 
the  word  booming,  that  we  can  speak  with  perfect  confidence  .  .  . 
{hat  whenever  an  aortic  sound  is  heard  |)ossessing  this  quality,  some 
degree  of  dilation  of  the  ascending  aorta  is  always  present,  or  if  the 
aorta  be  not  found  actually  dilated  after  death,  it  is  flabby  and  dilata- 
ble— the  sine  qua  non  for  the  production  of  an  accentuated  aortic 
sound  being  the  presence  in  tbc  ascending  aorta  of  a  column  of  blood 
greater  and  heavier  than  usual.'' 

Increased  intensitv  of  the  aortic  sound  from  increased  tension  of 
the  aortic  circulation  may  be  due  also  to  llie  following  conditicms: 
those  which  cause  increased  peripheral  resistance  to  tlie  ])loo(l  onflow, 
snch  as  atheroma  of  the  aorta .  esj)ecially  arieriosclerosis,  chronic 
arterial  hypertenmon  (Cook),  and  chronic  intrrslitial  nephritis;  atn'tic 
aneurismy  and  the  cardiac  hyprrtrophi/  and  dilation  wliich  usually 
accompanies  and  results  from  the  preceding.  Again,  we  may  have 
accentuated  aortic  sound  without  permanent  changes  in  the  arteries, 
and  thus  the  transient  increased  pressure  within  the  aorta  pointing 
to  the  beginning  of  disease,  as  in  associaticm  with  chill,  epilepsy, 
nervous  shock,  serous  membrane  inflammations,  acute  infections,  and 
at  the  onset  of  complications,  as  of  nephritis  in  scarlatina. 

Accentuated  aortic  second  sound  has  a  loud  clicking  quality,  some- 
times almost  metallic,  or  it  may  be  low  pitched  and  resonant,  as  in 
dilation  of  the  aorta.  So  sliarp  is  the  accentuation  frequently  in 
cases  of  aortic  aneurism  that  it  becomes  transmissible  as  the  "dias- 
tolic shock  "  to  the  palpating  hand.  If  marked  weakening  and  dila- 
tion of  the  left  ventricle — ^^  heart  failure  " — occurs,  the  accentuation 
snbeides  and  disappears  promptly. 

30 
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As  the  nomiHl  aortic  second  soimd  is  distinctly  louder  in  tlin^e 
past  forty  or  forty-five  j'eare  of  age,  and  decidedly  so  in  thoge  of 
sixty  and  more  years,  care  should  be  observed  not  to  misjudge  a 
pathologic  condition  when  there  is  none  simply  because  accentuation 
is  dificovered  in  individuulB  at  this  period  of  life.  Tlie  student  should 
lie  reminded,  also,  of  the  possibility  of  an  abnormally  ioud  aortic 
sound  resulting  from  exposure  of  the  first  part  of  the  arch  of  the 
aorta  by  a  retracted  right  lung,  or  from  the  consolidation  of  the 
portion  of  lung,  or  a  cavity  adjacent  to  it. 

(fi)  Weakksinq  of  tiie  Aohtio  Sofxd. — Diminished  intensitj  i 
of  llif  aortic  second  sound  indicates  weakness  of  the  heart,  temporary, 
as  in  the  course  of  infectious  and  exhausting  fevers;  pennanent.  as 
from  the  various  causes  of  chrouie  myocardial  degeneration,  meta- 
bolic, alcoholic,  toxic,  and  tho  like.  In  these  eases  the  systolic  siiuod 
is  Himullaneously  weakened.  Intra-aortic  blood  pressure  may  be  low, 
as  indicated  by  feeble  aortic  sound,  because  of  relaxation  of  the  periph- 
eral arteries,  or  because  of  a  diminished  volume  of  blood  thrown  into 
the  aorta,  as  in  the  stenotic  or  obstruct  ivc  lesions  of  the  mitral 
and  aortic  valves.  In  the  former  of  these  valvular  defects- — miirnl 
gtenosis — the  flow  of  blood  to  the  left  ventricle  being  impeded, 
eadi  syefole  propels  a  diminished  volume;  in  the  latter — aortic 
siflnosw— the  intraventricular  volume  of  blood  may  be  normal, 
or  even  slifjhllv  increased,  but  its  freedom  and  fulness  of  onflow 
is  restricted.  Mitral  regurgitation  similarly  lessons  aortic  blood 
volume. 

Wciikcned  intensity  of  this  sound  may  result  nUo  from  loss  of 
bloml  mass,  as  in  tievrre  hemorrhages,  colHquativr  diarrhrax.  an-emia, 
clc  and  from  sndi  channt's  in  the  valves  themselves  as  cause  loss 
of  flcxiliilily.  from  swelling,  thickening,  and  distortion,  the  Icnfiets 
being  unable  to  i-ecoil  with  any  acoustic  intensity. 

Finally,  in  some  ca^^es  of  nwtic  inrnfficii'iinj  the  defect  is  so  great 
as  to  totally  obscure  the  sound  nf  imperfect  closure,  nothing  but  the 
soft  swish  of  the  regurgitating  current  of  blood  being  heard  at  the 
beginnlTig  nf  dia.t.>Ie. 

{,',)  .\cri:xT['ATi<>N'  OF  Tin:  IVi.monic  Sound, — This  occurs  with 
any  |iiilnii)iiarv  or  cardiac  disease  wiiich  increases  blood  pressure  within 
the  pulmotiary  cireiiil  by  obstruction  to  the  lilood  (low  in  the  arteries, 
veins,  or  rapilbiries.  Years  ago  Skoda  pointi'd  out  that  persistent 
ii<'ic(ihijilr)Ti  of  the  ])nlmonary  si'cond  sound  was  an  important  aid 
in  tlir  diiiirnnsis  nf  lesions  of  the  mitral  valve,  although,  if  congestive 
or  .■,M]diyM.iiMilniis  dis,'asc  of  the  lungs  can  be  .■\eluded.  this  pliysieal 
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sign  may  be  indicatiTe  of  vaj  other  cudiac  Tslnilar  lesion  at  soaw 
»tsgc  of  its  derelopment  or  Momdaiy  influence. 

A  oontribntoty  and  nmcoinitaiit  factor  in  the  prmluction  of  ac- 
centuation of  the  pnlnKmic  Becood  sound  if,  of  courw,  hyperfrophy 
Lef  the  right  centriele,  since  this  invariably  resultn  from  a  damming 
back  of  blood  in  the  longs,  as  in  gtenogix  or  Imufjirirnry  of  the  mitral 
orifice,  or  from  ohBlmctive  pulmonary  dixeaxf,  sui-li  as  emphysema, 
-*— nmo  tvhercvlima,  and  chronic  fibroid  pnpumonin  (phihisin).  So 
I  aa  the  accentuation  ia  maintained  to  a  dt-gn-e  iif  Intensity  cijual 
fekor  greater  than  that  of  the  aortic  !«oiinil.  i(  is  a  si;fn  nl  i-<iiii|x'tciK-y 
f  the  right  ventricular  muiiele,  and  the  alisunce  nf  insutliiienty  with 
tation  at  the  tricuspid  oritice. 
The  last  point  mentioned  is  of  oxtrt'iiit^  d iii};ii<>st !<-  iiti|Kirljin<-<>  in 
«e«  of  acute  lobar  pntiumonia,  when!  llic  diiiifrcr  "T  fiiiUm?  "f  the 
right  heart  is  so  constant  and  arisi->  ^'i  -udili-iily.  In  <-tnp1iy-i-niii. 
notwithstanding  the  dilated  Innp  ovitI:!]!.-  iIu-  Ui'iii-i  to  u  ^-riiiiiT  iw- 
tait  than  normal,  the  aect'ntuatctl  piilrii'uniiy  -ii'-mil  >c.iiui|  tmiy  n-ii- 
ally  be  beard  most  distinctly  of  all  i!l<'  Miivr  Munids.  In  itiitml 
'obatmction  the  pulmonary  blood  prcsi^urr  \-*  liriiilitcncd  on  ncctnnu 
«f  the  arorfilled  left  aaricle  and  piihtmnnry  viiris.  tliu-i  iiicmi-inj: 
the  renatance  in  the  pulmonary  arlprics  nml  rij-lit  vonlrielc.  wliili- 
1  mitral  insnSicieDcy  the  back  flow  of  it  ]«irli(in  «(  bloml  wiili  i-ui-h 
•jstole,  meeting  that  coming  from  tlio  lini;:-,  in  lirm'  iicik''-  ii-Hf 
felt  in  the  pulmonary  artery,  with  tinwi'iiui'ni  iKvruiTiiiiinn  ol'  ilio 
pulmonary  valve  closure. 

In  not  a  few  individuals  nf  sodcniiiry  liuliit-.  nri  iici'.'iiiiiaii'.!  |inl- 
Dnlc  second  sound  may  be  apiinrciil  nnly.  iunl  .In.'  |o  a  <■(. in jui native 
akneea  of  the  aortic  second  sonmi  ln'cau-i'  ol'  ll.il>liy.  fi-clilc  inlra- 
aortic  blood  pressure  (Hardy). 

(8)  Wkakemed  Pclmoxic  SiifNii. — Tlii;;  is  .■s|icciaily  im]inrlant 
in  its  Telation  to  previous  accentuation,  in   tlu>  conrst'  of  valvular 
e  of  the  heart,  as  a  matter  of  ]»ro;jini>ii.    'I'ln'  liitlt'r  is  niifnvor- 
1  or  bad  in  direct  proportion   to   lln;  Jogrec  of  diminutiou  of 
intend^  of  an  accentuateil   pulmonary   scrund   sound.     It    mt>ana 
that  the  previously  compen»attng.  liypi'rtmpliiiKl   right  rontriclc  is 
gning  way  to  a  flabby  weakening,  witli  dilation,  and  probably  re- 
gurgitation at  the  tricuspid  orifice,  bcca\i.-ic  of  the  dilation  and  rela- 
tire  insufficiency  of  the  valve  cuspid.     As  n  ^ign  of  imminent  danger 
of  failure  of  the  right  vcntricb  in  that  Iroachcrous  disease — pneti- 
:  of  the  accentuated  pulmonic  sound  is  of  first 
.  although,  as  will  be  pointed  out  shortly,  the  chao' 
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in  l>itcli  .if  lliis  hiiukI    may  U-   iiroirijilor  oviilenoe  than    iliaugi;  of 
intensity. 

Pitch. — Changes  in  flio  piteli  of  the  first  or  second  heart  sounds 
go  hand  in  hand,  pfBctically,  with  those  pertflining  to  quality.  Thus, 
the  more  the  first  sound  becomes  like  the  second  in  qiiaUty  the  higher 
in  pitch  it  becomes,  naturally,  and  the  weaker  the  Tcntricular  muscle 
ia  indicated  thereby. 

It  is  with  the  pitch  of  thi-  second  sound,  however,  tliat  more 
practical  value  iii  c-onne<.'te(l.  As  intimated  before,  this  attribute,  us 
an  independent  and  ciirrdatwl  factor,  has  been  m-glecled  «s  regards 
the  setxmd  sound  of  the  heart.  At  the  outset,  the  qualifying  terms 
»  of  pilch  should  be  used  with  diBcriraination,  the  word  aecentuation 
(intensity)  not  being  tri-nonyinons  witl)  elevation  (pitch)  ;  in  fad,  the 
roverse  being  true,  ae  a  rule,  tlie  lotulcr  sound  Iwing  h)WBr  in  pitch, 
other  things  ixiing  equal.  In  thd  careful  ausindtatioQ  of  niort-  thun 
600  normal,  healthy  udult  individuals,  I  found  that  approximately 
eiglity  per  cent  had  n  slightly  higher  pitch  of  ihe  aortic  as  wimpunil 
with  tlie  pulmonary  valve  sound.  Hence,  any  rise  in  pitch  equaling  or 
exceeding  that  of  the  uortic  second  sound  may  ho  considered  as  signili- 
-  cant  of  increase  of  taision  within  the  pulmonary  arteiy.  due  cilber 
■  to  resistance  of  the  blood-flow  in  the  left  heart  or  to  some  congestive 
coodition  in  the  hmg,  loiiding  to  or  already  accompanying  incipient 
hypertrojihy  of  the  right  ventricle.  T]u^  sign  appears  before  accentu- 
ated louiliii'ss  is  deci<li'dly  noticed,  in  ino>t  instances.  Even  later,  as 
the  ciiu.^c  of  till'  inliiivascular  increased  pressure  is  maintained  and 
continued,  with  acci'nUiaiion  of  loudness,  the  pitch  also  lieing  elevated 
is  no  eonlrailitlion  to  the  physical  law  of  inverse  ratio  of  intensity 
to  pilch,  lial  siiii|ily  shows  that  the  law  as  to  pitch  supervenes,  namely, 
the  greater  the  tension  iJie'jiifjlier  tlie  pitch. 

From  which  it  will  be  seen  thai,  given  a  si'rinusly  ill  case  of  acute 
lobar  ]meuuioniu.  for  e.\;iiii]ile,  with  marked  elevation  of  pulmonic 
wound  |iitfh,  indicating  that  the  right  ventricle  is  meeting  the  tre- 
mendous ilniian.ds  made  upon  it  by  the  consolidated  lung  area,  the 
earliest  aui]  r-li^ditcsl  ])crooptiblc  ilcjiression  of  tlial  pitch  must  be  no 
less  than  the  v.Tiest  daiijrer  signal  of  beginning  failure  of  that  muscle. 
If  the  lowering  of  jiitch  bo  but  moderate,  to  a  degree  corresponding 
with  the  aortic,  the  partial  yielding  of  the  ventricular  walls  which  this 
signifies  mar  fall  williin  the  prognostic  pale  of  hop.',  notwithstanding 
a  ju<tiliablc  auNiety ;  whereas,  a  deprn^si.ui  of  pitch  to  the  point  which 
is  consist.'ut  with  health  means,  in  this  case,  a  fci'Me,  llal)hy,  fatal,  un- 
conditional surrender  to  the  rcsistiiLg  forces  anil  poisoning  influences. 
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Likewiae,  the  incipient  developincut  of  oinphysoma — a  ty])c  of  tlie 
chronic  pulmonary  diKoaz^e — in  cases  of  n»c*urreut  attacks  of  bron- 
chitis (the  ''  winter  cough  "  of  old  i)eople),  and  imroxysms  of  asthma, 
may  be  recognized  in  gradual  and  persistent  elevations  of  the  pitch 
of  the  pulmonary  valve  sound,  even  before  any  alterations  of  the 
percussion  and  breath  sounds  over  the  lungs  may  be  observed.  Here 
the  rise  of  tension  within  the  pulmonary  circulation  is  explained  as 
due  to  the  resistance  to  the  onflow  of  blood  within  the  myriads  of 
pulmonary  capillaries  whose  caliber  bwomes  diminished  by  the  over- 
stretching to  which  they  arc  subjcctiHl  as  the  containing  alveolar 
walls  become  dilated — emphysematous — and,  perhaps,  also  thickened 
by  some  fibrosis  from  the  chronic  irritation  of  the  causative  affections. 
Dependence  upon  the  element  of  pitch  may  he  a  necessity  as  well  as 
an  independent  factor  in  this  matter  of  diagnosis,  since  mere  accentu- 
ation of  the  pulmonic  second  sound  may  he  obscured  by  the  buffer, 
non-conducting  eff(*ct  of  enlarging  and  border-extending  lung.  A 
lowering  of  the  pitch  of  the  pulmonic  sound  in  evident  emphysema 
would  indicate,  therefore*,  weakening  of  the  right  ventricle  under  the 
persistent  and  progressive  strain,  and  the  impending  congestive  dis- 
orders which  are  entailed  therebv. 

Altered  Bhythm  of  Cardiac  Sounds. — Arrhythmia  nuiy  be  due  to 
(1)  alterations  in  the  n'lafirr  Icfiffth  of  Ihr  silcnn's  between  the  two 
heart  sounds,  or  to  i'i)  a  douhlifuj  or  niluplirdtion  of  the  sounds. 

(1)  Fktal  Rhythm  ou  Kmuuvcx  akdia. — Whenever  the  triple 
rhythm  of  the  nornuiily  acting  h(Nirt — the  ••  oiie-two-thnv,''  or  :? :  4, 
or  waltz  time  in  music — corresponding  to  the  first  and  stn-ond  sounds 
and  the  diastolic  or  long  pause,  is  disturbed  so  that  the  latter  element 
is  shortened,  then  the  silences  are  e(jual  in  length,  and  the  two  sounds 
follow  each  other  as  regularly  as  the  ticking  of  a  clock.  The  first 
sound  also  rest^mhles  the  second  sound  so  closely  that  the  tick-tach 
has  been  likened  to  the  ecjuality  of  the  fetal  hearl-heats;  hence  the 
term  embryocardia.  The  rhythm  is  then  changed  to  the  2 :  4  time 
(Butler).  The  heart  action  is  at  the  same  time  much  accelerateil 
and  decidedly  weakened.  Indeed,  embr>'ocardial  rhythm  is  directly 
indicative  of  a  serious  weakening  of  the  cardiac  muscle,  such  as 
occurs  in  the  later  stages  of  the  acute  infections  fevers^  in  typhoid 
especially,  in  chronic  myocardial  degeneration,  loss  of  compensation 
in  valvular  heart  disease,  conditions  of  collapse,  and  in  exophthalmic 
goiter, 

(2)  PRor^NG.vnoN  of  the  Diastolic  Silkxck. — This  is  usually 
accompanied  with  accentuation  of  l)oth  cardiac  sounds,  the  long  pause 
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'Ilk,  or  di'iif'nerated  heart  to  conlinne  its 


HiiVTMM. — The  aiiscultator  recognizes  a 
nliil  sound  as  well  as  the  two  regular 
Minds  simulating  the  hoof  strokes  ot  a 
■rrti  apjilied  to  this  form  of  arrhythmia. 
IK  silen«!;  In  sonio  instanocr 


liialflv  after  iIil'  in>rni;d  second  ■iound,  which  may  l>e  accentuated  or 
not,  or  ill  (lie  middle  of  diastole:  in  other  cases,  near  the  end  of 
diiislole.  or  jii^l  licf.m-  llic  lirsi  sound— at  ]iri'sy>tole.  The  sonntls  are 
usually  siinihir.  short,  and  jiartly  rin^'iii;:.  or  llic  lliird  sound  may  he 
of  a  dilfer-'ul  .iiiiiailcr,  like  llic  clack  "f  a  cantering  horse,  which 
led  llii-  KiviieliiiuiN.   liouilliiu.l.  to  lirst  apply  (he  di-scrijitivc  jihrase. 
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bruit  de  galop.  The  third  sound  may  resemble  either  the  first  or 
second  sound,  and  may  thus  seem  to  be  a  reduplication  of  either, 
respectively. 

The  gallop  rhythm  generally  indicates  a  grave,  often  fatal,  condi- 
tion of  cardiac  weakness,  where  the  sign  is  persistent.  It  means  that 
there  is  a  dangerous  abnormal  increase  in  the  intraventricular  blood 
pressure,  and  conscijuently  of  the  tension  of  the  ventricular  wall. 
The  more  rapid  the  gallop  rhythm  the  worse  the  prognosis.  Accord- 
ing to  Babcock,  a  rapid  gallop  rhythm  differs  from  a  slow,  cantering 
one  in  that  the  accent  falls  most  sharply  on  the  first  or  third  instead 
of  the  middle  one  of  the  three  sounds  in  the  former  case. 

This  variety  of  arrhythmia  is  an  important  danger  signal  in  such 
diseases  as  chronic  interstitial  nephritic,  arieriosrlerosiSy  especially  in 
the  hypertrophic  dilation  of  the  ventricles  with  loss  of  compensation; 
in  myocardial  degeneration  from  various  causes;  in  adherent  pericar- 
dium with  dilation  of  the  heart;  and  sometimes  in  cases  of  severe 
anemia.  It  is  a  very  grave  sign  occurring  in  the  course  of  certain 
acute  infectious  diseases,  as  typhoid  fever,  lobar  pneumonia,  and  acute 
articular  rheumatism,  and  may  l}e  the  first  sign  of  beginning  paralysis 
of  the  heart  in  diphtheria.  It  is  heard  more  distinctly  over  the  right 
ventricle  in  cardiac  and  pulmonary  diseases  which  cause  dilation  of 
this  chamber.  Thus,  the  overdistention  mav  result  from  mitral  steno- 
sis,  advanced  mitral  regurgitation,  and  pulmonary  emphysema. 

(4)  Kedltlicatiox  of  the  Heart  Sounds. — When  permanent, 
doubling  of  the  first  or  second  sound  is  practically  always  pathologic. 
Probably  in  the  majority  of  in^^tancos  the  gallop  rhythm  is  really  due 
to  a  reduplicaticm  of  cither  one  of  the  systolic  or  diastolic  sounds. 

Reduplication  of  the  Diastolic  ^V;w^/f/^^ — Obviously,  this  is  due  to 
broken  synchronism  of  the  closing  action  of  the  cusps  of  either  the 
aortic  or  pulmonic  valves.  As  intimated  before,  reduplication  may 
be  transient  or  physiologic,  and  when  not  so  its  diagnostic  value 
may  be  quite  subordinate  to  other  associated  physical  signs.  It  is 
produced  directly  by  an  abnormal  increase  of  pressure  within  the 
peripheral  or  pulmonary  circulation,  thus  throwing  added  strain  upon 
the  left  or  right  ventricle,  respectively.  The  interval  between  the 
doubled  soimds  is  usually  extremely  short,  so  that  they  may  be  said 
to  run  together,  whereas  in  the  canter  rhythm,  a  distinct,  complete 
interval  is  demonstrable.  In  doubtful  cases  of  doubling  of  the  dias- 
tolic sounds,  the  phenomenon  may  be  elicited  better  by  noting  it  at 
the  end  of  inspiration  and  the  beginning  of  expiration. 

Owing  to  the  normally  greater  pressure  within  the  aorta  as  com- 
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pared  to  that  within  the  pulmonary  artery,  the  aortic  valvn  di>ses  a 
fraction  of  a  Kccwnd  t'tirliur  than  tlio  pulmonic,  but  this  is  not  appre- 
ciablu  til  tlifl  oar.  In  ntiiiplicution,  the  scmnil  siund  niay  l>c  illus- 
trated hy  pronnunciny  the  syllalitos  lub-tupptup  instead  of  the  normal 
Inh-tup,  the  firBt  of  the  two  diastolic  sounds  being  accentuated  soinu- 
what.  and  often  sligblly  elevated  in  pitch.  Balfour  likens  the  redu- 
plicated sound  to  that  made  by  "a  hammer  which  etrikes  the  anvil, 
rebounds,  and  strikes  again,  remaining  motionlcas,'' 

The  frequent  association  of  reduplicated  second  sound  with  mtlnil 

atcntisia  makea  this  sign  have  eome  diagnostic  corrolmralivo  value. 

Tlie  teuBion  in  the  pulmonary  art^-ry 

ia  raised  to  such  a  degree  b<fcaaBe  of 

the  mass  of  blood  held  back  by  the 

mitral    ol)stniction,    so   that,   as   ex- 

Fia.  s7.— A.  Normtii  firet  and  soo     p'ainod  by  Ccradini,  the  blood  prcs- 

Diid  Kounda.     B.   RBdiiplicated     sure  is  suflii'icnt  to  separate  the  sound 

fuid  acoeulualed  seconJ  aoiind.        r     i_ .»  .l        .1   _r ]■-_   ..... 

{Oii»»««.dRu«di.)  "^  ^^i"^^"'  **  t"^  ""•  "f  ^""^'^'^  ^y^ 

tole  from  that  produced  by  the  ar- 
terial systole — in  health,  the«!  two  events  being  hoard  as  one  diastolic 
sound.  Next  to  mitral  stenosis,  the  most  frequent  causes  of  redu- 
plicatum  of  the  diaetolie  aound,  from  exg^gerftUd  pKasure  in  the  pul- 

iiiniirtry  nin  (ihitinti.  mv  tlic  fol)r>u-iii<.' ;  <'iiiiiliyseiiia,  tiilierciilosis,  ,ind 
hnini'hojincTJinmiitis;  liypcrtropbic  dilation  of  the  right  ventricle. 

Itciliiplicalioii  of  Ihi'  scci)n<l  soiinil  is  most  clearly  hoard  near  the 
miildic  nt  t\„-  slcnnmi,  or  nl  llic  left  border  of  the  sternum  Itetween 
the  Ihiid  iiiiil  llflli  coslal  curtilages;  in  eases  of  mitral  stenosis  it  is 
often  liciird  at  the  a|n>x.  If  tlie  cardiac  action  beeomea  rapid,  Iho 
rcdiijiliLiilioii  inay  nut   W.  illsliufruishable,  or  may  persist  as  a  short 

A/'iMirrnt  or  fnUi-  ,1-iihliiiij  of  the  second  sound  has  been  pointed 
oil!   liv  San.-airn  and  otlior  Knglisli  clinicians.     This  phenomenon  is 
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the  dilating  ventricle  conies  with  a  decided  shock  against  ihe  mitral 
cusps  immediately  after  the  pulmonic  valve  closure. 

Reduplication  of  the  diastolic  sound  due  to  increased  tension 
within  the  aorta  is  less  conimonlv  met  with,  as  in  advanced  cases  of 
chronic  arterial  liypertension,  with  or  without  arteriosclerosis,  and  in 
chronic  Bright 's  disease. 

Rcduplicntion  of  the  Si/stolic  Sounds. — Patliologic  douhling  of  the 
first  sound  is  comparatively  rare,  more  a})p{irent  tluin  real,  and  may 
he  an  inci})icnt  presystolic  murmur  preceding  the  actual  first  sound 
by  an  extremely  short  interval.  The  doubling  is  not  due  to  a 
synchronous  contraction  of  the  ventricles,  but  most  probably  to  non- 
synchronous  closure  of  the  mitral  and  tricuspid  valves,  or  to  non-syn- 
chronous tension  of  the  eusps  of  these  valves. 

lender  any  explanation,  the  physical  sign  indicates  excessive  pres- 
sure within  the  ventricle — usuallv  danwrouslv  dilated — over  which 
the  doubling  is  best  heard  :  over  the  right  ventricle  in  mitral  lesions 
and  obstructive  pulmonary  diseases,  over  the  left  ventricle  in  chronic 
nephritis,  especially,  with  increased  resistance  in  the  peripheral  ar- 
teries and  cardiac  hypertrophy. 

(5)  Irkkgl'lauitv. — When  the  cardiac  sounds  succeed  each  other 
with  a  variety  of  divergences  as  to  rapidity,  (piality,  loudness,  and 
relative  leuirths  of  the  intervening  silences  in  several  or  all  of  these 
characters,  the  simple  term  in'vtpihn'Hn  is  applied  to  them.  Thus, 
uniformitv  of  rhvthm  mav  be  broken  bv  a  number  of  eond)inations 
of  these  changed  attributes,  the  most  common,  however,  being  those 
of  strength,  duration,  and  friMjueney,  one  or  two  distinct  sounds 
rapidly  following  each  other  with  short  iiitervals,  to  be  followed  in 
turn  by  a  longer  silence  and  a  few  weak,  abortive  sounds;  or  these 
features  may  be  inverted,  etc.  The  gallo))  riiythm  is  really  a  form 
of  irrcgularitv.  (iravilv  of  mvocardial  condition  is  indicated  by 
irregularity  of  the  cardiac  sounds;  this  is  especially  marked  in  cases 
of  mitral  disease  with  failure  of  com})ensati()n,  in  fatty  heart,  and  in 
severe  debilitv  during  or  followins^  acute  toxemic  febrile  diseases. 

(G)  IxTKKMiTTKXCY. — This  may  occur  either  as  a  subdued  and 
abortive,  or  as  a  totally  suppressed  sound  at  certain  intervals — a  sort 
of  regular  irrcgidarity.  The  intermissions  nuiy  be  one  in  five,  seven, 
iaiiy  twelve,  or  eighteen  beats,  and  so  on,  as  the  case  may  be.  The 
cause  is  often  obscure,  and  as  often  is  unconnected  with  anv  evident 
pathologic  condition  of  tiie  heart.  It  may  be  a  temperamental  pe- 
culiarity, a  neurosis,  or  a  manifestation  of  a  dyspeptic,  gouty,  auto- 
toxic,  or  nephritic  affection. 
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AUSCULTATION   iContludrd) 

ADVENTITIOUS   SOUNDS   OR    CARDIAC    MURMURS 

TiiK  nlm()rnml  ot  mivfiilUioiw  suiiTulii  jiroduot'il  undiT  liie  pri"- 
cordiat  ar™  mtiv  originate  within  Iho  heart,  and  are  fhen  teniied 
fndwnrdial ;  or  they  may  come  from  tlie  i>ericardial  eac,  and  are  thus 
knowa  as  exocardiat  or  pericardial.  Pleuropericardial  and  cardiopul- 
monary soimda  may  also  he  heard  in  the  region  of  the  heart  over- 
lapped by  hing  or  adjacent  thereto.  Although  the  word  murmurs  is 
used  by  some  systematic  writers  to  cmbrnco  all  adventitious  sounds 
heard  in  connection  with  the  heart's  action,  practically  it  is  limited 
to  include  only  those  which  are  endocardial;  that  is,  produced  witliin 
the  cardiac  chambers  and  beginnings  of  the  great  vessels. 

(A)  CLASSIFICATION  OF  MURMl'RS 

The  endin-arilidi  niiiruiur^  are  subdivided  into  (1)  organic  or 
siructural,  and  ('i)  fiiiirtioiinl  or  dijnamic,  hemic  or  anemic.  The 
laller  class  are  also  dwifjnalcd  fi'cquenlly  as  inorganic  and  accidenlal ; 
they  art'  associated  with  disonlcrs,  more  or  less  temporary,  affecting 
the  quality  or  i-oiuiKisition  of  the  blood,  such  as  the  essential  and 
synijitomatic  iniemias,  dcliilitating  chronic  diseases,  etc.,  or  with  dis- 
turbanc-es  of  cardiac  imicwation. 

The  organic  endocardial  murmur:^  are  valvular  in  origin;  that  is, 
they  are  due  to  some  structural  defect,  distortion,  obstruction,  or  other 
pathologic  alteration  of  the  cardiac  valves  or  orifices.  While,  there- 
fore, murmurs  are  nearly  always  indicative  of  certain  valvular  changes, 
yet.  in  the  words  of  llalfour,  "their  evidence  must  I)e  accepted  wilii 
caution,  lirst.  because  we  may  have  murmurs  of  exoeardiac  origin 
which  simulate  very  closely  those  of  valvular  origin,  and,  second, 
l)ecause  morinurs  irnly  of  valvuliir  origin  mny  disappear  temporarily 
or  permunenlly.  Thus,  we  may  have  a  mornuir  app.Trcntly  of  valvu- 
lar origin  which  is  really  e.Noeardiac;  second,  we  may  have  a  murnnir 
truly  of  vahitlur  origin,  yet  without  valvular  lesion,  which  may  dis- 
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appear,  Iea?iiig  the  heart  iminjured;  and^  lastly^  we  may  have  a 
murmur  truly  of  valvular  origin  which  may  disappear  temporarily  or 
permanently,  the  valvular  lesion  still  continuing/'  Hence,  a  murmur 
muBt  never  be  considered  a  pathognomonic  factor  in  physical  diag- 
nosis, but  always  correlated  and  estimated  in  connection  with  the 
results  obtained  by  inspection^  palpation,  and  percussion,  as  well  as 
the  auscultation  of  the  normal  heart  sounds. 

The  abnormal  soimds  of  pericardial  origin  are  usually  termed 
friction  sounds;  likewise  those  of  pleuropericardial  production.  The 
cardiopulmonary  sounds  are  designated  as  murmurs,  probably  because 
of  their  softer  quality,  similar  to  the  endocardial  murmurs  commonly 
encountered. 

Aneurismal  murmurs,  or  hrvits,  are  usually  heard  over  the  aortic 
arch  and  at  the  base  of  the  heart. 

(B)   MODE  OF  PRODUCTION  OF  MURMURS 

The  physical  explanation  of  murmurs  may  be  rendered  more  lucid 
by  the  appended  preliminary  remarks  relating  to  the  factors  involved. 
In  the  first  place,  it  should  be  mentioned  that  formerly  it  was  held 
that  endocardial  murmurs  resulted  directly  from  the  friction  caused 
by  the  passage  of  blood  over  roughened  surfaet^^  and  constrictions  of 
the  endocardium.  The  onlv  tenable  view,  that  now  held,  attributes  the 
production  of  murmurs  to  eddies  or  currents  of  blood  set  up  by  ob- 
structions at  the  orifices  or  l<*akages  at  the  valves,  these  disturbances 
in  the  blood  flow  producing  tlie  sound  vibrations  which  are  conducted 
to  the  surface  of  the  chest.  Normally,  the  blood  flows  through  the 
valvular  orifices,  in  the  physiologic  direction  and  rhythm,  without 
sound. 

(1)  However,  it  is  with  the  blood  as  witli  any  oilier  liquid  imder 
a  certain  degree  of  pressure,  namely,  that  whenever  it  passes  or  is 
forced  through  a  constriction  of  its  containing  tube  into  a  wider 
portion  beyond,  audible  vibrations  are  generated  by  the  eddies  and 
currents  thus  set  up.  These  secondary  currents  are  the  "  fluid  veins  ^' 
of  the  physicists.  In  the  diseased  human  heart  there  may  be  a  nar- 
rowed orifice  leading  into  a  larger  normal  or  dilated  cavity;  or  the 
orifice  may  remain  normal  in  caliber,  but  relatively  narrowed  because 
of  marked  dilation  of  the  cavity.  In  either  case,  the  fluid  veins  set 
up,  and  their  accompanying  vibrations  follow  the  main  current,  pro- 
ducing so-called  direct  or  onward  murmurs.  These  are  the  murmurs 
of  stetuma  or  obstruction. 
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If,  on  the  other  hand,  the  vnlvuJar  raochaiiisni  ib  so  allcrwl  that 
pcrft-ct  closure  is  jin-vtiilwl  wliin  physioloj,'! willy  it  dioulil  liu  wirwrii- 
pli»<liO(i,  a.  [>iirt  uf  the  lilixul  legitrgi tales  through  the  email  aperture 
into  tho  chambor  from  wliich  it  cumo  previously,  as  an  opposiug  or 
backward  fluid  vciu.  The  vibrations  produced  are  donbtlcM  due 
partly,  also,  to  the  oljliipie  impact  of  the  blood  Btreara  against  the 
bev«lcd  projwting  cdgL-s  of  the  incompetent  leaflets  (Davidsijn). 
This  valvular  insu/ficiimcj/.  tlifrofore,  gives  rise  lo  indirect,  hncl-u-'ird, 
or  rvgurgitaling  niunnnrs.  According  to  Geigel,  who  used  mathe- 
matical formula?  bearing  upon  the  pitch  of  murmurs  to  prove  his 
point,  these  are  rationally  explii-able  only  on  the  basis  of  transverse 
vibrations  of  the  cardiac  or  of  the  vascular  walls  surrounding  ihe 
disturbed  blood  stream. 

(2)  The  strength  or  loudneHs  or  audibility  of  eudocardial  mur- 
murs will  depend  upon  the  force  and  rapidity  of  the  blood  flow.  Ven- 
tricular weakness  may  cause  the  previously  distinct  murmurs  of  a 
hypertrophied  heart  lo  diminish  in  intensity,  or  even  disappear 
entirely. 

(3)  That  a  lowered  specific  gravity  and  con8e()uent  thinner  state 
of  the  blond  permits  it  to  be  thrown  into  vibration  Ijy  valvular  defects 

I  more  readily  ie  qnite  probable.     In  fact,  all  three  of  these  phyitical 
riH'1'Hs   iii;iy    lie    pri'seiil    iu    vMryinj;  dngrifs    in    llir    prodiu'lion   ami 

Pathologic  Conditions. — The  principal  local  lesions  which  are  rc- 
spousilile  for  lln'  ]>rijdn(*(ion  of  murmurs  at  the  valve  orifices  are  the 
n^sulls  of  crnhxiirditis,  wbicb  in  turn,  in  perhaps  seventy  per  cent  of 
the  cast's,  is  caused  by  acute  articular  (influnimalory)  rlieumatium; 
the  otlier  tiiree  eliologic  disorders  of  tho  "  big  four  isms " — -as  I  have 
often  dasignaled  them  lo  students — are  alrolmli/'m,  si/philism,  and 
atlilrtirixm.  .Among  the  special  changes  are  the  following:  Adhesion 
of  the  flaps  of  a  valve  and  shortening  of  the  chorda?  tendineae;  cica- 
tricial narrowing  and  constriction  of  (be  arterial  or  a uriculo ventricu- 
lar orifices;  projection  into  the  lumen  of  the  aorta  or  pulmonary 
artery,  etc.,  of  vegetations  or  calcareous  plates  and  the  like  upon 
the  Willis  or  valves:  iliseaso  (degenerative)  »(  the  papillary  muscles; 
loose  |)orlic.ns  of  rujitured  valve  cus)is,  bands,  and  strings  vibrating 
in  the  blcHid  str«;ini ;  vascular  dilations,  esi)ecially  anourismal. 

Til  >iiiiim:iri/e,  the  main  physical  allenilinrw  ]iroductLve  of  organic 

(  I )    liisii/liririi'if.  or  incompetency,  eau-ing  ngurgilation  of  blood 
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(2)  Stenosis  (constriction),  or  obstruction  at  the  orifices,  inter- 
fering with  the  free  and  full  flow  of  blood  when  the  valves  should 
Donnally  be  open. 

(3)  Relative  insufficiency  at  a  valve  (especially  the  mitral  or  tri- 
cuspid) orifice,  because  of  dilation  of  tlie  heart  chamber  (weakening 
of  the  myocardium)  containing  it,  tlic  simultaneous  dilation  of  the 
orifice  causing  improj)cr  closure  of  the  curtains,  which  are  unable  to 
meet. 

Murmurs  sometimes  occur  al  u on-valvular  onfirc.%  such  as  an  open 
foramen  ovale  or  perforatcMl  ventricuhir  septum — eon^^euital,  rare  con- 
ditions. Likewise,  a  patulous  ductus  arteriosus  may  be  the  cause  of 
a  murmur. 

Charaoteristics. — It  will  be  seen  that  murimirs  may  l>e  of  several 
varieties;  they  may  vary  in  causation,  in  combination,  and  in  general 
and  specific  characteri»<tics.  There  may  Ik?  hut  one  murmur  present 
with  distinctive  or  o]>scun»  features,  or  two  or  three  at  different  ori- 
fices, perhaps  two  at  one  orifice  (douhh?  lesion).  Hence,  to  state  the 
important  and  significant  facts  about  a  murmur  which  it  is  the  pur- 
pose to  learn  should  come  first,  and  then  a  seriatim  consideration  of 
these  in  detail. 

The  points  to  be  noted  about  a  murmur  are  the  following: 

(1)  Its  localization  or  area  of  greatest  intensity. 

(2)  Its  time  or  place  in  the  cardiac  cycle. 

(3)  Its  area  of  conduction  and  direction  of  transmission, 

(4)  Its  acoustic  attributes — (juality,  intensity,  pitch,  and  dura- 
tion. 

(5)  Its  relation  to  the  normal  sounds  of  the  lieart. 

(1)    LOCALIZATIOX,  OR  THE   PoiXTS   OF    MAXIMr'>r   1 XTEXSITY. — 

The  first  step  in  the  diagnosis  of  a  murmur  is  to  localize  it,  and 
thus  determine  the  valve  or  orifice  affected.  Tliis  is  ascertained  by 
finding  its  position  of  maximum  intensity.  The  points  of  greatest 
loudness  correspond,  with  few  exceptions,  to  the  areas  already  de- 
scribed, where  the  respective  valve  sounds  are  best  heard;  that  is, 
mitral  valve  murmurs  are  most  distinctlv  heard  at  or  near  the 
apex;  aortic  murmurs,  at  the  right  second  intercostal  space,  close 
to  the  sternum;  tricuspid  murmurs,  over  the  lower  part  of  the  ster- 
num; and  pulmonary  valve  murmurs,  at  the  left  second  intercostal 
space,  close  to  the  sternum.  A  murmur  whose  maximum  intensity 
does  not  coincide  with  any  one  of  these  areas  is  probably  not  of 
valvular  origin. 

At  the  aortic  area,  aneurismal  bruit  may  also  be  heard.    To  the 


"'^-?^!^^ 


..-f^-!>S?B^z;^-°'''^^ 

°°°""»"-     h  ,1,1       r  ""l-Brilv  ,„„,',"«■  «"lv  „„e  „f, J'"  '"■- 
"»  '"rd  i„ °  'i'  "'"'■"'  '•rra.  C!  "'■  ""•>  "en    it   ''.  "»"■ 


AUSCULTATION  287 

Auscultation  of  the  heart  from  the  rear  is  expedient  in  cases  of 
Yfldvular  affections  at  times,  as  the  greater  the  enlargement  of  the 
right  ventricle  the  more  the  apex  and  left  ventricle  are  pushed  toward 
the  back.  According  to  Libensky,  dorsal  auscultation  is  particularly 
useful  in  differentiating  mitral  from  aortic  insufiSciency.  In  the  for- 
mer, with  vague  anterior  signs,  it  commonly  happens  that  the  systolic 
murmur  is  best  heard  at  the  inferior  angle  of  the  left  scapula.  When 
the  aortic  valve  is  involved,  however,  the  dorsal  findings  are  loudest 
at  the  left  supraspinous  fossa,  and  toward  the  right  and  downward 
to  the  third  dorsal  spinous  process. 

(2)  Time  on  Riiyttim. — By  far  the  niajority  of  organic  valvular 
murmurs  may  l)e  diagnosticated,  that  is,  tbo  lesions  producing  them 
may  be  pretty  positively  inferred  upon  the  double  basis  of  the  facts 
of  the  area  of  greatest  intensity  and  of  tbe  time  of  the  murmurs. 
Given  these  two  physical  signs  in  conjunction  wiib  tbe  anatomic  and 
physiologic  data  related  tbereto,  and  tbe  pathologic  significance  is 
virtually  a  matter  of  logical  deduction  with  syllogistic  regularity. 
The  determination  of  tbe  area  of  maximum  loudness  fixes  the  valve 
orifice  affected — tbe  anatomic  element;  that  of  tbe  time  during  the 
heart's  cycle  when  the  murmur  is  beard  indicates  what  the  normal 
condition  of  function  should  be  at  that  orifice  at  that  time,  and 
simultaneously  whetber  tbe  abnormality  is  obstructive  or  regurgitant, 
since  it  is  either  one  or  the  other;  and  so  we  have  tbe  physiologic 
and  pathologic  elements. 

For  diagnostic  purposes,  tbe  correlation  of  these  elements  may  be 
simplified  and  condensed  by  the  statement  of  two  guiding  principles, 
as  follows: 

(a)  Murmurs  of  insvfliciency  or  regurgitation  are  beard  at  that 
moment  or  time  during  tbe  heart's  cycle  wlien  tbe  affected  valves 
ought  normally  to  he  closed;  that  is,  they  are  board  at  sj/stofe  when 
the  auriculoventricular  or  venous  (mitral  and  tricuspid)  valves  leak, 
and  during  diastole  when  tbe  arterial  (pulmonic  and  aortic)  valves 
are  affected. 

(6)  Murmurs  of  ohstruction  or  stenosis  occur  at  that  time  or  stage 
of  cardiac  action  when  normally  hlood  passes  through  the  orifices 
affected;  that  is,  they  are  beard  during  systole  with  disease  at  the 
arterial  openings;  during  diastole,  when  tbe  auriculoventricular  are 
affected. 

The  clinical  facts  which  thus  justify  and  harmonize  with  these 
physiologic  and  pathologic  principles  are  actually  and  obviously  the 
following : 


physicai,  diagnosis 

pulmonic  area,  other  murnmrs  than  those  produced  at  this  valve, 
which  are  rare,  may  be  transmitted,  and  the  accidental  or  heroic 
inummrs  are  frequently  andible  here  also.  The  Iricvgpid  area,  which, 
e  than  any  olher,  corre«pond!i  with  the  anatomic  seat  of  tlie  orifice, 
is   not  infretjiiently  a  ri'gion   wliere  Iwo  other  valve  murmurs  are 


iixpid  ares;  M,  mitnd 


distinctly  licanl,  namely,  that  of  aortic  in^iifficicnoy  and  that  of  mitral 
insufficiency.  The  former,  diastolic  in  rhythm,  is  often  more  plainly 
heard  here  than  dii'ectly  over  the  aortic  area,  prohahly  hecanse  the 
downward  regnrgiliitinfi  rnrront  of  hlnod  does  not  palher  audihlo 
vibrations  so  hit;h  above  the  valve  in  those  rases;  indeed,  this  murmur 
is  sometimes  as  distlncl  in  the  left  fourth  interspace,  near  the  ster- 
num, as  in  the  aortic  area.  A  mitral  ref^urgitant  murmur  (systolic) 
of  marked  loudness  may  he  audilile  in  the  tricuspid  area.  The  tri- 
cuspid ri'jiurKitiinl  miinimr  (systolic)  i-  the  only  one  of  the  riprht- 
sideil  lesions  which  is  ordinarily  met  with,  and  even  it  is  quite  un- 
common. In  the  mitral  nrca.  the  aortic  rcjrurgifant  niurmnr  may 
he  heard  in  some  instances,  because  transmitted  thither.  On  the 
other  hand,  analogously,  thi'  miirnnir  of  milnd  insutficicncy.  nlthough 
less  frequently,  is  well  heard,  not  at  the  a[R'\  but  near  the  left  base 
of  the  lu'nrf— that  is.  in  the  tliinl  inlcr-p.'icc,  piira^ternal  line,  over  the 
dilated  Irfi  uuricle,  into  which  tlio  regurgitating  blood  flows. 


pt  \ : 


AUSCULTATION  287 

AyMcuitation  of  {he  heart  from  the  rear  is  expedient  in  cases  of 
▼mlTokT  affections  at  times,  as  the  greater  the  enlargement  of  the 
light  Tentride  the  more  the  apex  and  left  ventricle  are  pushed  toward 
the  bade.  According  to  Libmisky,  dorsal  auscultation  is  particularly 
uaefnl  in  differentiating  mitral  from  aortic  insufficiency.  In  the  for- 
mer, with  vague  anterior  signs,  it  common Iv  happens  that  the  systolic 
murmur  is  best  heard  at  the  inferior  angle  of  tlie  left  scapula.  When 
the  aortic  valve  is  involved,  however,  the  dorsal  findings  are  loudest 
at  the  left  supraspinous  fossa,  and  toward  the  right  and  downward 
to  the  third  dorsal  spinous  process. 

(2)  Time  ou  Rhythm. — By  far  the  majority  of  organic  valvular 
murmurs  may  be  diagnosticated,  tliat  is.  tlie  lesions  producing  them 
may  be  pretty  positively  infernnl  upon  the  double  basis  of  the  facts 
of  the  area  of  greatest  intensity  and  of  the  time  of  the  murmurs. 
Given  these  two  physical  signs  in  conjunction  with  tlie  anatomic  and 
physiologic  data  related  tbereto,  and  the  pathologic  significance  is 
virtually  a  matter  of  logical  deduction  with  syllogistic  regularity. 
The  determination  of  the  area  of  maximum  loudness  fixes  the  valve 
orifice  affected — the  anatomic  element ;  that  of  the  time  during  the 
hearths  cycle  when  the  murmur  is  heard  indicates  what  the  normal 
condition  of  function  should  be  at  that  orifice  at  that  time,  and 
simultaneously  whether  the  abnormality  is  obstructive  or  regurgitant, 
since  it  is  either  one  or  the  other;  and  so  we  have  the  physiologic 
and  pathologic  elements. 

For  diagnostic  purposes,  the  correlation  of  these  elements  may  be 
simplified  and  condensed  by  the  stateniont  of  two  guiding  principles, 
as  follows : 

(a)  Murmurs  of  insufjiviennj  or  regurgiiaVwn  arc  heard  at  that 
moment  or  time  during  the  heart's  cycle  when  the  affevied  valves 
ought  normaUy  to  be  closed;  that  is,  they  ar(»  heard  at  si/stole  when 
the  auriculoventricular  or  venous  (uiilnil  and  tricusj)id)  valves  leak, 
and  during  diastole  when  the  arterial  (pulmonic  and  aortic)  valves 
are  affected. 

(b)  Murmurs  of  obstriiction  or  stenosis  occur  at  that  time  or  stage 
of  cardiac  action  when  normally  hlood  passes  through  the  orifices 
affected;  that  is,  they  are  heard  during  systole  with  disease  at  the 
arterial  openings;  during  diastole^  when  the  auriculoventricular  are 
affected. 

The  clinical  facts  which  thus  justify  and  hannonize  with  these 
physiologic  and  pathologic  principles  are  actually  and  obviously  the 
following: 
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The  mitral  regurgitant  murmiir  is  gystolic;  the  aortic  regurgi- 
tant, diastolic;  the  aortic  obstructive  murmur,  systolic;  the  mitral 
stenotic,  diastolic,  or,  as  it  is  commonly  deisigDatcil,  presygtaUc,  be- 
cau.se  it  is  best  heard  near  the  end  of  diactole  or  just  before  systole, 

With  similar  lesions  on  the  right  side  of  tho  hoart,  tricuspid  and 
pulmonary  valve  murmurs  have  the  same  times,  since  the  pliysiologic 
functions  on  the  two  Bide«  are  homologous. 

The  moiU'  of  reasoning  in  the  physical  diagnosis  of  a  murmur 
may  be  put  forth  by  two  examples;  thus,  a  murmur  is  best  heard  at 
or  near  the  apex  (the  mitral  area),  systolic  in  rhythm;  norraaUy, 
the  mitral  vhIvh  should  be  dtwi^l  at  this  lime;  then'fore.  it  must 
leak  (insufRciency)  in  onier  to  paxiiw  a  ruurmur  at  this  time.  Again, 
n  loud  murnmr  is  most  audible  in  the  right  swond  interspaci*,  also 
systolic;  the  aortic  valve  is  normally  open,  aud  blood  passing  freely 
through  Ihc  orifice  at  that  time;  hence,  there  must  be  some  obstruc- 
tion or  narrowing  at  the  orifice  to  set  up  a  murmur  here  at  this  time. 

Murmurs  are  best  beard  and  limed  by  rc(]uesting  the  patient  to 
stop  breathing  for  a  little,  so  as  to  exclude  the  occasional  intervention 
of  ihe  respiratory  murmur,  which  sometimes  resemble.*  a  soft  endo- 
cardial murmur,  and  by  placing  a  finger  upon  the  carotid  impulse, 
which  is  synchronous  with  the  first  or  systolic  sound  of  the  re&trieles. 
(The  radial  pulwe  cannot  be  employed,  ns  it  occurs  shortly  after  sys- 
tole.) In  many  cases  nf  very  weak  and  rapid  heart  action,  the  latter 
procedui-e  may  be  absolutely  necessary  lo  time  a  murmur,  as  the  first 
sound  may  be  indistinguishable  from  the  second  by  the  acoustic 
(puililies  alone. 

At  this  jioiut  iniiy  !ic  consideretl  approprinlcly  (S)  the  relaliim 
iu  till'  niiriiinl  Mninih  of  the  Iwart  which  these  various  murmurs  com- 
monly sustain,  Tlic  niilral  systolic  may  (piite  replace  the  first  sound, 
or  il  may  alier  and  run  "If  from  the  first  sound,  or  distinctly  follow 
this  sound,  in  the  short  silence  between  it  and  the  second  sound  {lali- 
>'!lshilir  murmur).  As  a  systolic  murmur  may  occur  at  any  one  of 
tlic  four  orilires,  its  lofiilizatinn  sliould  be  precisely  determined.  To 
ri'iM'al.  till'  iitilr-il  .•<iiM'iVu-  uiuninir  indicates  that  there  is  leakage 
at  this  orifice,  the  eusjis  bi'ijig  too  smnll  to  close  the  orifice,  on 
account  of  shriukinir.  or  loo  stilT  lo  admit  of  true  coaptation,  or  the 
mym-ardrnui  may  be  dci,'eTierate<l  iin<l  dibili'd.  so  that  the  cusps  are  too 
small  to  cln-i'  ihe  dibited  n]ic-riiii;.'.  or  llic  ventricle  too  weak  to  con- 
tract Ihe  nnlii-.'  In  I  he  natural  sIkc  of  (lie  \;i!ve. 

The  (lurlir  ,.//.'"'''■  Miininir  u<ua\\\  occu]iii-s  a  distinct  portion  of 
the  first  suuii.l.  and  of  liie  -h.irl   inlerval  lielwecn  this  and  Ihe  scoon.l 
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sound.  It  does  not  always  mean  that  there  is  actual  narrowing  or 
stenosis  of  the  orifice,  or  oven  a  limited  obstruction  by  the  valve; 
it  may  result  from  a  roughening  of  one  or  more  of  the  aortic  cusps,  or 
from  moderate  dilation  of  the  aorta  just  ai)ove  the  valvular  region. 
True  obstruction  may  be  due  to  thickened  cusps,  vegetative  or  calcare- 
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Fio.  59. — DiAC.KAM  snnwiNG  TiiK  TiiuK?;  C'nK<)N()L()<:i(\vi-  TYrKs  ok  MuRMrus  and 
Their  Hklation  to  imk  Soinos  of  tiik  Hkaiit.  The  cvrnt-^  <»f  the  ciinliac  cycle 
are  given  above  for  coinpariMHi.  Miinmirs  slKidrd  with  viTticiil  lines.  To  be 
read  from  left  to  rij^ht.     (Hiitler.) 

ous  growths  on  thoir  surfaoos,  or  to  partial  adhesion   of  the  cusps 
to  one  another. 

The  aortic  rcfjurfjUant  murmur  usually  hofjins  with  and  may  ob- 
literate the  second  sound;  also  occupies  the  frroator  part  of  the  dias- 
tolic silence.  The  lesion  which  frequently  produces  this  murmur  is 
shrinking  and  thickening  of  the  valves.  Vegetations  and  calcareous 
nodules  may  also  cause  leakage  by  preventing  close  contact  of  the 
edges  of  the  cusps,  and  thus  forming  an  aperture  through  which  the 
blood  escapes  back  into  the  left  ventricle  during  diastole.  Kupture 
or  perforations  of  the  valves,  and  relative  insulTiciency  from  dilation 
of  the  aortic  ring,  may  also  give  rise  to  an  upper  or  middle  sternal 

murmur  of  diastolic  in  time. 
21 
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The  mitral  presi/stolic  murmvr,  an  its  name  implies,  occupies  the 
end  portion  of  diastole,  and  ceases  with  the  beginning  of  the  first  or 
vontricular  systolie  sound.  It  is  rarely  heard  during  the  first  third 
or  half  of  the  diastolic  period.  The  augmentation  of  intensity  which 
characterizes  it  as  it  approaches  the  first  sonnd  is  due  to  the  auricular 
systolic  impulse  given  to  the  obstructed  Bow  of  blood  at  the  mitral 
orifice.  This  niumiur  is  generally  due  to  obstruction  or  stenosis  at 
the  mitral  orifice,  especially  from  "adhesion  of  the  anterior  and  pos- 
terior mitral  cusps  to  each  other  along  their  Intera!  edges,"  A  mur- 
mur which  occurs  during  the  whole  of  diastole — that  is,  while  the 
blood  should  be  noiselessly  passing  from  the  auricle  to  the  ventricle 
{mitral  diastolic  murmur) — and  before  the  auricle  contracts,  may 
rarely  be  heard  in  certain  eases  where  the  pressure  in  the  auricle 
is  high  and  the  ventricular  suction  power  vigorous. 

The  tricwpid  regurgitant  murmur,  of  all  the  right-sided  lesions 
of  the  heart,  is  the  most  common.  It  is  usually  secondary  to  advanced 
mitral  disease  in  which  the  resultant  turgid  pulmonary  circulalion 
has  taxed  compensatory  hypertrophy  of  the  right  veutricle  so  long 
or  BO  severely  that  weakening  and  dilation  enr^ue,  with  relative  in- 
sufficiency at  the  tricuspid  orifice  from  non-approximation  of  the  cusps 
during  systtJe.  At  the  same  time  there  may  be  coincident  endo- 
carditis, afTecfing  and  distorting  the  vnlve.  however.  This  niunmir 
may  bear  the  Ruue  relation  to  the  first  sound  and  the  succeeding 
short  silence  which  the  milral  systolic  does.  Diastolic  and  presystolic 
iriciixpid  murmurs,  and  tlic  systolic  and  diastolic  puhnonanj  valve 
murmurs  occur  with  extreme  infre<|ueney,  and  are  usually  of  con- 
genital origin,  allliough  sometimes  due  to  ulcerative  endocarditis. 
Other  lesions  of  a  congenital  nature  may  be  as.^^ociatcd  with  pulmonary 
muniuirs,  such  as  patent  ductus  arteriosus,  open  foramen  ovale,  or 
imperfect  closure  of  tlic  vontricular  septum.  The  systolic  murmurs 
h<'ard  in  the  puhiionic  region  are  more  often  functional  or  anemic  in 
caiisalion.  The  dinstolic  murmur  of  pulmonary  insufficiency  may  be 
rehilive  from  persistent  high  pressure  in  the  pulmonary  artery  leading 
In  diliiiinn  of  t!ic  orilicc,  a  mitral  Ic'^ion  being  the  primary  cause. 

(3)  llNfKCTEOX  ov  TiiANS.Missiox. — (If  tlic  four  principal  organic 
valvular  murmurs  uict  with,  but  one,  the  mitral  presystolic,  is  not 
transmitlcd  along  llie  linos  of  the  blood  current  beyond  the  area  of 
its  ma\iiiiurn  ioudiioss,  although  it  mav  have  an  immediately  sur- 
rounding arcii  of  several  inches  of  conduction.  The  rule  is  tliat 
murmurs  of  ol.sirudinn  are  Iransmilled  in  the  diroelion  of  the  passing 
current   "f  \>U>(»].  iiiul  that  those  of  insullieieney  proceed  along  the 
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lines  of  the  regurgitating  currents.     The  extent  of  diffusion  of  a 

mummr  depends  upon   the  qualily  and  strength  of  the  vibrations 

jproducing  it,  the  condition  of  the  cardiac  tisiiuea  near  the  diseased 

Utiiice.  the  proximity  or  remoteness  of  relation  of  the  cavity  of  the 

1  which  the  raunuur  originates  to  llie  chcit  wall,  and  structural 

Erariations  affecting  conductivity  in  the  adjacent  tissues,  as  the  rib:*, 

,  and  the  presence  or  absence  of  pulmonary  consolidations  or 

nvities.    The  lines  of  selective  propagation  of  the  individual  murmurs 

ill  he  considered  separateiy. 

Mitral   Systolic   Murmur. — This   murmur,   significant    of   inwuffi- 

t  the  left  auriculoventricular  valve,  is  Iransroittwl  outward — 

toward  the  left — and  slightly  upward.    Even  a  soft  murmur  may  be 

nidible  as  far  as  the  anterior  axillary  line,  in  the  fifth  interspace. 

iDuder  murmurs,  besides  being  heard  over  the  whole  precordiuni, 

umetimes  even  to  the  right  of  the  sternum,  are  usually  transmitted 

s  far  as  the  angle  of  the  left  scapula,  or  two  interspaces  above  the 

mgle.  and  in  exceptional  cases  even  to  the  right  scapula.     Obviously, 

"  e  diffusion  of  the  mitral  systolic  murmur  extends  over  a  wider  area 

3»hen,  as  often  occurs,  the  apex  is  displaced  downwaid  and  to  the  left. 


Bsute  infcclimifl  iliaease  (mycicarilUisl,  left  ventricular  dilution,  mnltDriuntion 
of  the  heart,  or  acute  eQitiJCBrditui,  The  circle  indicalui  Ihe  puiut  of  uiDximiua 
LnUnaity,  the  arrow  the  line  ol  eelective  tranamiwiun.  The  radiatins  Vmva  repre- 
mM  the  »re«  o(  niidibility.  It  of  sufficient  intensity,  the  munnur  may  be  lieard 
BTthe  entire  chest.     (Butler.) 

J  in  contact  with  Ihe  chest  wall  to  a  greater  extent,  because  n( 
jertrophy  of  the  left  ventricle.    It  should  be  noted  that  this  murmur 
Biay  also  be  transmitted  with  distinct  intensity  to  the  left  base  of 
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the  heart,  near  the  left  auricle,  into  which  the  regurgitating  blood 
flows,  eepecittlly  wheu  that  cavity  is  dilated. 

Aa  the  reflex  eurrent  of  blood,  then,  passes  inward  and  backward, 
we  must  necessarily  trace  the  vibrations  of  its  course  of  transmission 
around  the  left  f-ide  of  the  chest  posteriorly.  Transmission  of  tho 
murmur  to  the  riglit  is  limited  by  the  deadening  effect  of  the  right 
ventricle. 

Mitral  Preny^iiilic  Murmtir. — As  intimated  before,  this  niurmar 
is  seldom  transuiitli^d  more  Ijisin  a  trifle  beyond  its  area  of  masinium 


[loriettriliiiiii.     The  circle  shows  tlit-  point  of  i 

strict  localiiatioii  at  this  murmur.     The  rftdiatiiig  liiicit  represent  its  possible  ex. 

U-nt  of  audibility.      Apf\  inilicntiil  by  tlic  cross.      (Butler.) 

inlensily,  ju.4  within  iiud  ;ilinva  tln>  ii[KV\-hi>iit.  This  is  hecau.<o  tlio 
direction  of  Ibc  vil)r!itin}f  lilood  current  passinf;  tliroiigb  the  obstructed 
mitral  orifice  is  preeisely  toward  the  apex,  iinil  to  tho  fact  that  tho 
weakcnctl  left  ventricle  is  remote  from  tJie  eJiest  wall  on  account  of 
tlie  interveninn  rijrht  venlrrele.  whteh  is  dihitod,  flaccid,  and  also 
non-conducting.  N evert b el c^^s.  it  is  not  rare  to  find  a  presystolic 
muniinr  diffiised  over  a  larger  area  than  usual.  Thus,  its  area  of 
audition  may  extend  io  the  right  as  fur  as,  or  even  a  little  beyond, 
niidsternum  ;  to  llie  left  as  far  as  the  anterior  a.viliary  line,  and 
between  llie  tliird  and  sixth  intcrspnces. 

Alllioujih  the  mitral  area  presystolic  niunnur  is  almost  always  duo 
to  ohstruciion  a(  this  orillre,  in  some  exceptional  cases  it  may  really 
be  caused  !>y  aortic  iiisulHcieney  ("  Flint  luitriiinr").     It  is  believed 
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Qui  Has  mnmiiir  u  due  to  the  ribratioiiB  of  the  mitral  cusps  bs  they 
■re  cangfat  between  the  two  currenta  of  blood  flowing  into  the  dilated 
left  Tentride,  one  from  the  aorta  (the  regurgitating)  and  one  from 
fite  left  auricle. 

Barel;  a  presystolic  mormnr  in  the  mitral  area  may  be  produced 
by  sortie  obBtmction,  the  first  sound  beginning  slowly  and  roughly, 
wd  by  adherent  pericardium. 

Aortic  Systolic  Murmur. — This  is  propagated  distinctly  over  the 
maonbrium  stemi,  and  up  into  the  carotids.  It  may  be  heard,  also, 
over  the  subclavian  arteries.  As  this  murmur  is  often  quite  loud,  it 
may  be  heard  over  a  large  area  of  the  chest,  being  conducted,  though 
less  audibly,  by  the  sternum,  and  perhaps  by  the  heart  itself,  dqwn- 
ward  and  to  the  left  as  far  as  llie  apex,  and  may  be  mistaken  there 


^M.,  : 


irta,  ruug)ieniiig  of  tlie  n 
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CBullcr.) 

for  a  mitral  systolic  murmur  unless  its  area  of  greatest  loudness 
above  and  its  diffusion  into  the  great  vessels  of  the  neek  are  care- 
fully noted. 

Aortic  Diastolic  or  Regurgitant  Murmur. — This  most  constant 
murmur,  as  regards  its  lines  of  transmission,  has  an  area  of  audibil- 
ity that  extends  downward  from  the  middle  of  the  sternum,  at  the 
level  of  the  third  rib  or  interspace,  and  to  the  left,  being  heard  fre- 
quently over  the  fourth  and  fifth  interspaces  from  the  left  sternal 
border  to  the  apex.    This  conductivity  may  be  due  to  the  "  intimate 
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▼entride  giving  way  to  dilation  becaut^e  of  the  backward  stress,  and 
oonaequently  to  incompetency  of  the  tricuspid  orifice. 

The  mnnnnr  is  conducted  partly  by  the  regurgitating  current  and 
partly  by  the  chordsB  tendineffi,  upward  from  the  area  of  maximum 
intensity  at  the  base  of  the  cnsiform  cartilage,  and  to  the  right  as 
far  as  the  third  rib  near  its  sternal  junction,  and  to  the  left  over  the 
area  of  absolute  cardiac  dulness  toward  the  apex,  the  extent  of  diffu- 
sion depending  upon  the  degree  of  hypertrophic  dilation  of  the 
ventricles. 

Tricuspid  Presystolic  Murmur, — This  infrequent  murmur  has  an 
area  of  audition  which  corresponds  practically  with  the  superficial 
cardiac  dulness,  and  may  be  pi-opagatod  to  tlie  apex  of  the  right 
ventricle,  although  its  maximum  and  total  audibility  may  be  circum- 
scribed to  the  lower  end  of  the  sttM-num. 

Pulmonic  Systolic  Murmur, — Tlii.s  nuirmur  is  propagated  upward 
and  slightly  to  the  left  along  the  course  of  tlie  pulmonary  artery, 
from  its  point  of  greatest  intensity  at  the  left  second  interspace  close 
to  the  sternum.  As  an  evidence  of  congenital  malformation  of  the 
heart,  this  murmur  is  extremely  rare;  less  so  as  the  result  of  pul- 
monary stenosis  or  narrowing  from  traction  or  torsion  of  the  artery 
due  to  shrinking  of  the  upper  lobe  of  the  lung  or  displacement  of  the 
heart.  As  a  sign  of  anemia,  occurring  as  a  hemic  or  functional 
murmur,  however,  it  is  met  with  often;  similarly,  in  connection  with 
the  excited  tachycardiac  action  in  exophthalmic  goiter.  Even  a  trans- 
mitted mitral  systolic  murmur  or  a  cardiorespiratory  murmur  may 
be  heard  in  this  region. 

Pulmonic  Diastolic  Murmur. — This  very  rare  murmur  has  an  area 
of  diffusion  downward  from  the  pulmonic  (left  second)  interspace, 
along  the  left  border  of  the  sternum  as  far  as  the  fourth  interspace. 
It  is  not  improbable  that  the  murmur  is  mistaken  sometimes  for  aortic 
regurgitation.  It  may  occur  from  congenital  malformation  of  the 
valve,  from  ulcerative  endocarditis,  or  from  relative  insufliciency  due 
to  extreme  blood  pressure  in  the  pulmonary  artery. 

(4)  Quality,  Intensity,  Etc.,  of  Murmurs. — The  quality  of 
a  murmur  differs  characteristically  from  that  of  the  normal  heart 
sounds.  While  the  latter,  with  their  rhythmical  "  lub-dup,^^  convey 
the  impression  of  the  valve  tension  of  a  smoothly  acting  steam-pump, 
the  former  represent  the  peculiar  blowing,  swishing,  or  whistling 
sounds  of  the  pump  with  disordered  valve  action.  These  abnormal 
sounds  have  been  likened  to  the  utterance  of  the  various  syllables 
**  uf /'  "  uv/'  "  ush/*  "  urr/^  "  b-r-r-r/'  etc. 


t 
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As  the  PiTOH  and  qdality  of  a  eound  are  intimately  associatecl, 
we  may  refer  to  organic  endocardial  murmura  as  low-pitched  blowing, 
like  the  eoimd  of  air  passing  through  a  large  tiil»e  ('"bellows  sound"), 
or  high  pitched  and  whistling  or  scraping.  Many  low-pitched  mur- 
murs are  lightly  aspirated,  and  may  simulate  closely  an  inspiratory 
whiff  of  adjacent  normal  lung;  others  may  have  a  rumllittg,  rustling, 
or  rasping  quality.  The  former  may  be  imitated  somewhat  by  whis- 
pering the  letter  "  f,"  or  the  vowel  sounds  "  oo,"  "  u,"  "  ah,"  "  au," 
the  latter  by  guttural  or  growling  tones.  Some  of  the  higher-pitched 
murmurs  may  even  l>e  twanging,  or  musical  and  singing,  in  character. 

Although  none  of  the  qualities  just  mentioned  possess  any  value 
in  the  differential  diagnosis  of  the  pathologic  nature  of  the  disease 
affecting  the  valve  or  the  structures  around  its  orifice,  they  may  have 
distinct  signification  of  the  physical  nature  of  the  lesion;  that  is, 
Boft,  blowing  murmurs  are  usually  suggestive  of  regurgitation,  while 
obstructive  murmurs  are  generally  rough  and  grating.  Murmurs  are 
not  only  variable  in  quality,  but  a  single  murmur  may  change  in 
character  liecause  of  clianges  in  the  size  and  structure  of  the  orifices 
and  chambers  of  the  iieart,  in  the  force  of  cardiac  action,  and  because 
of  snemic  alterations  of  blood  composition. 

The  qualities  of  the  most  common  murmurs  met  with  usually  are 
as  follows;  The  mitral  regurgitant  or  systolic  murmur  has  a  Hoft, 
blowing  quality.  The  aortic  obstructive  or  systolic  murmur  is  harsh, 
sawing,  or  filing  in  character,  according  to  the  extent  and  degree  of 
narrowing  and  calcareous  deposit  upon  the  valve.  The  aortic  regur- 
gitant or  diastolic  murmur  is  generally  very  soft  and  blowing,  often 
less  harsh  than  the  mitral  regurgitant  murmur,  and  sometimes  hardly 
audible  to  the  ear  of  the  most  careful  examiner.  Exceptional  cases 
occur,  however,  where  this  niunnur  may  be  quite  rough  and  vibrant, 
even  musical.  Tlie  quality  of  the  mitral  stenotic  or  presystolic  mur- 
mur is  distinctive  because  of  the  peculiar  blubbering,  churning  sound, 
rougher  than  a  regurgitant  murmur,  but  softer  than  the  sawing  quality 
of  the  aortic  stenotic  murmur.  It  may  be  simulated  by  vocalizing 
the  syllable  "  rrrb,"'  the  last  letter  terminating  abruptly  with  the  im- 
mediately following  first  sound  of  the  heart;  so  close,  indeed,  that 
not  infrequently  the  murmur  seems  to  coincide  with  this  sound,  and 
thus  having  a  systolic  time. 

The  iS"Ti:>;s[TY  of  murmurs  is  as  variable  as  their  quality.  It 
does  nol  depfnii  ncci'ssanly  upon  the  severity  of  thi'  valvular  lesions, 
but  may  be  sTifr^icstive  often  of  the  character  of  the  lesions,  whether 
causing  oli^lruction  or  insufficiency.     Oljstructive  murmurs  are,  as  a 
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rale,  loader  than  ihe  Tq^argitont  ones.  The  loudness  of  munnuTS 
IB  more  often  affected  by  the  force  of  the  heart's  action,  temporarily, 
as  from  excitement  or  treatment;  thus  emotion,  exercise,  and  such 
drnga  as  digitalis,  strophanthus,  and  strychnine  may  exaggerate  their 
intensity.  Therefore,  not  only  do  murmurs  vary  in  intensity  in  dif- 
ferent individual  cases,  or  in  multiple  lesions  in  the  same  individual, 
bat  they  may  fluctuate  in  connection  with  a  single  lesion  in  auscul- 
tating the  individual  at  dilTcrent  times. 

(a)  The  force  of  the  blood  stream,  and  consecjuently  the  strength 
of  the  ventricular  muscle,  is  the  most  iinportant  diagnostic  and  prog- 
nostic factor  which  is  indicateil  bv  the  intensity  of  a  murmur.  Natu- 
rally,  the  systolic  murmurs  are  usually  louder  than  the  diastolic, 
other  things  being  equal,  because  stronger  blood  eddies  are  set  up 
by  ventricular  contraction  than  by  vascular  recoil  and  ventricular 
dilation.  Furthermore,  a  loud  systolic  murmur  implies  hypertrophy 
and  good  compensation — a  favorable  sign;  and  conversely,  if  while 
the  case  is  under  observation  such  a  loud  murmur  becomes  gradually 
weaker,  or  if  the  murmur  disappears,  even,  it  means  that  compensation 
is  failing  from  degeneration  and  dilation  of  the  cardiac  muscle.  Un- 
der treatment,  a  previously  weakened  or  inaudible  murmur  may  again 
assume  distinct  loudness;  so  that  the  mere  presence  or  intensification 
of  a  murmur  may  be  a  hopeful  indication  of  the  condition  of  a 
patient's  myocardium.  Gibson  states  that  the  mitral  presystolic 
murmur  is  particularly  prone  to  disapj)ear  an<I  reappear,  not  only 
because  of  the  variable  energy  of  the  left  auricle,  but  especially  be- 
cause with  weakening  and  distention  of  the  right  ventricle  the  apex 
is  pushed  away  from  the  chest  wall,  and  thus  prevents  the  conduction 
of  the  sound. 

(6)  The  degree  as  well  as  the  nnturc  of  the  lesion  affects  the 
loudness  of  a  murmur.  As  a  rule,  the  narrower  the  obstructed  orifice 
as  compared  with  the  size  of  the  cavity  beyond  the  louder  the  murmur. 
Marked  aortic  stenosis  is  usually  very  loud  also,  because  of  the  added 
feature  of  a  vigorous  hypertrophy  to  enable  the  left  ventricle  to  over- 
come the  difficulty  in  the  attempt  to  maintain  a  balance  of  the  circu- 
lation. Occasionally,  however,  loud  murmurs  arc  heard  during  life 
which  the  slight  changes  found  subsequently  post  mortem  seem  hardly 
related  to.  On  the  other  hand,  hard,  calcareous  excrescences  upon 
the  valve  leaflets,  as  in  the  aortic  disease  of  very  old  people,  are  often 
accompanied  with  loud,  rough  murmurs ;  these  may  even  be  musical 
in  some  cases,  when  perforations  of  valve  leaflets  may  be  suspected, 
or  floating  shreds  of  torn  leaflets  or  papillary  muscles. 
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(c)  Posture,  exercise,  and  respiration  influence  the  intensity  of 
murmurs.  Of  the  two  principal  varieties  of  lesion,  the  obstructive 
jnnrmurs  are  louder  when  the  patient  sits  or  stands,  tspeciaily  when 
the  aurieuloventricular  orifices  are  affected.  Regurgitant  murmurs, 
on  the  contrary,  are  most  distinct  when  the  patient  is  recumbent. 
This  is  often  true  of  the  aortic  diastolic  murmur,  although  it  must 
bo  admitted  that,  as  regards  poriture,  tlie  aortic  and  pulmonary  valve 
murmurs  arc  less  affected  than  are  the  mitral  and  tricuspid.  Both 
mitral  obstruction  and  insufficiency  may  l)e  better  elicited  by  their 
murmurs  while  the  patient  lies  flat  upon  the  hack.  Nevertheless,  (he 
rolling,  "  flowing "  sound  of  a  presystolic  murmur,  which  is  quite 
easily  heard  when  the  patient  ia  sitting  up,  may  in  some  cases  dis- 
appear nearly  or  entirely  when  he  lies  down. 

The  effects  of  exercise  have  diagnostic  value  not  only  concerning 
the  audibility  of  the  murmur,  but  also  the  condition  of  the  heart 
muscle.  A  murmur  so  feebly  heard  ordinardy  that  only  after  a  brisk 
walk  of  forty  or  fifty  paces,  stooping  and  straightening  of  the  body, 
and  the  like,  is  it  rendered  most  distinctly  audible,  indicates  a  lesion 
of  comparative  mildness,  or  a  myocardium  of  developing  wealmess. 
On  the  other  hand,  marked  rapidity  of  cardiac  action  following  forced 
-  exertion  may  make  it  difficult  to  time  or  even  detect  a  murmur  which 
at  a  previous  examination,  with  the  patient  at  rest,  was  patently 
evident. 

The  respirator;/  period  affects  tlie  intensity  of  a  murmur.  During 
in.spirntinii.  while  tlic  lung  is  distendtd  as  it  overlaps  the  heart,  dimin- 
ished loudness  of  a  murmur  is  usually  noted,  especially  when  the 
mitral  vaive  is  affceU'd.  Hence,  organic  murmurs  are  better  heard 
at  the  end  of  expiration,  as  contrasted  with  the  functional  and 
canlio -respiratory  murmurs,  which  are  more  audible  at  the  end  of 
inspiration. 

((/)  The  specific  grarili/  and  plaflicily  of  the  hlood  influences  the 
loudness  of  a  murmur.  In  cases  of  anemia  with  reduction  in  the 
number  of  (he  corpuscles,  and  In  tlie  fibrin  and  other  proteid  pcr- 
cenlages  (hydremia),  murnunv  arc  louder  tlian  where  these  factors 
are  more  nearly  normal.  And  thus  wo  find  lluit  following  a  case 
of  severe  acute  arlicuhir  rheumatism  with  blood  damage,  a  mitral 
insufficiency  murmur  will  be  louder  than  later,  when  treatment  has 
corrected  the  ariciniii. 

The  i>i'iiATii>N  of  murmurs  dilTers  decidiilly  in  many  instances; 
ill  some  it  is  short,  in  others  so  lonj;  as  lo  occupy  most  of  systole  or 
diastole,      rr;ielie;dlv    murmurs    always    Jiuie    loiifrer    duration    than 
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either  of  the  heart  sounds.  Murmurs  of  obstruction  are  commonly 
of  longer  duration  than  those  of  regurgitation,  as  it  takes  longer  for 
the  blood  current  to  pass  through  a  narrowed  than  through  a  leaking 
orifice.  If  the  disturbance  is  sufficiently  great,  however,  and  the 
heart's  action  sufficiently  energetic,  an  aortic  regurgitant  murmur 
may  exist  throughout  diastole,  as  well  as  a  mitral  stenotic.  The 
mitral  systolic  murmur  is  usually  short  in  duration,  being  but  a 
prolongation  of  the  first  sound  (with  roughening),  or  occupying 
a  portion  of  the  silence  Ijetween  the  first  and  second  sounds.  Murmurs 
which  replace  either  of  the  heart  sounds  are  generally  of  longer  dura- 
tion than  those  which  occur  separately  in  the  short  or  long  silences, 
and  are  of  correspondingly  graver  significance. 

(C)   MULTIPLE   OR  COMBINED   MURMURS 

These  result  from  a  combination  of  (usually)  two  valvular  de- 
fects, very  infrequently  three,  and  with  extreme  rarity  four  defects. 
One  should  naturallv  seek  to  know  whether  a  sintT^le  or  several  valvu- 
lar  lesions  coexist  whenever  a  murmur  is  heard  over  more  than  one 
valve  area.  As  tlie  intensity  of  many  murmurs  permits  of  their 
propagation  some  distance  beyond  their  areas  of  maximum  audition, 
and,  as  shown  before,  their  tiansmissil)ility  with  the  direct  and  re- 
gurgitating blood  currents  being  ini])ortant  phenomena,  this  question 
as  to  multiple  murmurs  must  arise  almost  constantly,  whether  they 
be  present  or  not.  Indeed,  to  (juote  the  words  of  DaCosta  more  than 
a  generation  ago:  "'  How  important  is  it,  then,  to  examine  each  por- 
tion of  the  heart  separately,  as  niueh  for  th(^  })urpose  of  saying  what 
is  not  as  what  is  deranged/' 

This  proljjem  of  diagnosis  arises,  of  course,  only  when  the  murmur 
heard  is  evervwluM-e  the  same  in  rhvthni — that  is,  systolic  or  diastolic 
in  the  various  regions;  thus,  a  systolic  murmur  heard  over  the  pre- 
cordium  mav  mean  a  combination  of  aortic  obstructi^m  and  mitral 
insufficiency.  Obyiously,  when  both  a  systolic  and  diastolic  murmur 
are  heard,  even  at  one  valve  area,  or  anywhere  over  the  chest,  two 
lesions  nmst  be  evident  either  at  one  orifice,  as  aortic  stenosis 
and  regurgitation,  or  at  two  orifices,  as  aortic  and  mitral  regur- 
gitation. 

Where  a  widely  audible  murmur  is  heard,  therefore,  the  difficulty 
of  interpretation  may  be  twofold.  F\ri<i.  it  may  be  supposed  that 
but  one  valve  is  diseased  instead  of  two;  that  the  murmur  heard  in 
the  second  area  is  merely  transmitted  from  the  first.    Secondly,  on  tlie 
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other  hand,  it  may  be  inferred  that  there  is  a  comhination  of  two 
valvular  k'siona  when  there  ia  really  ouly  one,  as  when  a  diastolic 
muTiimr  heard  at  the  apex  is  attributed  to  a  mitral  stenosis  as  well 
a;!  iin  aortic  inpiidiciency. 

To  differentiate  these  signs,  the  appendrf  points  in  observation 
may  be  applied  successfully.  They  are  based  upon  two  facts  already 
described,  namely,  that  the  various  valvular  lesions  commonly  met 
with  have  selective  areas  of  maximum  intensity,  and  more  or  less 
characteristic  differences  of  quality. 

(1)  For  example,  ansctiltating  at  the  base  of  the  heart,  near  the 
third  left  sternocostal  junction,  we  hear  a  feeble  systolic  murmur. 
Choosing  the  two  valve  points,  mitral  and  aortic,  for  first  considera- 
tion, wo  trace  the  murmur  from  aorta  to  apex,  step  by  step,  noting 
changes  of  intensity  and  quality  in  approaching  and  receding  ihem. 
Here  we  note  that  in  approaching  the  aortic  region,  over  the  maou- 
briuni  and  to  the  second  right  intercostal  space,  the  murmur  becomes 
louder,  harsher,  and  more  widely  propagated,  especially  upward  into 
the  carotid  arteries.  There  is  no  doubt  that  this  is  an  aortic  ob- 
structive murmur.  Retracing  with  the  stethoscope,  the  murmur  be- 
comes fainter  and  softer,  though  distinctly  audible,  in  the  third  and 
fourth  left  interepaces;  in  fact,  it  8eeme  to  be  a  trifle  more  distinct 
over  (he  right  venlrirle.  nt  its  left  border  (fourth  interspace  outside 
the  parasternal  line).  In  the  fiflh  interspace,  over  the  apex,  wiiich 
is  a  little  outside  the  midclavicular  (nipple)  line,  the  systolic  murmur 
is  still  louder,  yet  not  so  peculiarly  harsh  as  above,  and  is  shorter  in 
duration.  It  is  also  heard,  tapering  off  in  distinctness,  for  several 
inches  Inward  the  left  axilla.  Wo  conclude  from  the  last  observation 
that  tiiero  is  another,  a  mitral  systolic  (regurgitant)  murmur,  because 
of  the  two  areas  of  nm.ximuTii  intensity  corresponding  to  valve  points, 
with  an  intervening  space  of  least  intensity  for  the  murmurs  best 
heard  at  Ixilli,  and  because  the  character  or  quality  of  both  these 
systolic  murmurs  is  different,  with  lines  of  propagation  in  har- 
mony with  what  we  know  of  either  of  the  murmurs  consitlerwl 
.ingiy. 

As  fiilwon  points  out,  another  serviceable  aid  may  be  found  in 
the  fact  that  '*  if  the  murmur  is  louilcr  nt  the  apex  than  it  is  over  the 
left  edge  of  the  heart  iu  llie  space  above  tlie  apex,  or  the  rib  above 
thnt,  the  probability  is  lliat  there  is  a  mitral  .k  well  as  (he  aorlie 
murmur,  'llie  reaMiii  of  this  lasl  is  a|.|.arent.  for  if  the  murmur  at 
the  ■.\]<rx  is  the  aorlie  systolic  propagaled  downward  by  the  left  vcu- 
triele.  llicre  is  no  reason  why  it  ought  not  to  Iw  as  audible  at  any 
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point  akng  the  left  edge  of  the  heart  as  at  the  apex/'  In  cases, 
r,  where  the  aortic  nmnniir  is  extremely  loud  and  distinctly 
Ofver  the  whole  precordinniy  the  presence  of  a  mitral  systolic 
nmniiiir  may  be  inferred  by  the  help  of  the  discovered  evidence  of 
derated  tension  and  pressure  in  the  pulmonary  artery^  manifested 
bj  an  accentuation  and  heightened  pitch  of  the  pulmonic  second 
soond. 

(2)  Again,  a  soft  diastolic  murmur  is  hoard  at  the  base,  at  the 
topographic-anatomic  valve  area,  also  in  tlie  right  second  interspace, 
with  equal  but  not  greater  intensity.  Approaching  tlie  apex,  down- 
ward and  to  the  left,  the  murmur  becomes  rougher  and  longer  in 
duration,  with  a  maximum  of  intensity  just  inside  tlie  apex.  Is  this 
a  case  of  transmitted  aortic  regurgitant  nuirnuir  or  one  of  mitral 
stenosis,  or  both?  Here  the  same  method  of  tracing  from  one  valv« 
point  to  the  other,  and  noting  changes  in  attributes,  may  be  pursued, 
remembering  that  the  mitral  presystolic  nuirnmr  is  not  transmitted 
upward,  etc.  For  further  diagnostic  data,  the  signs  obtainnl  by  the 
other  methods  of  examination  must  l>e  correhited,  esjxjcially  in 
connection  with  the  size  of  the  heart  clianibers,  position  of  tlie 
apex-bea^  and  the  like,  as  will  be  pointed  out  later  in  describing 
some  of  the  consequences  of  the  various  lesions  upon  the  cardiac 
walls. 

(3)  Auscultating  near  the  base  of  the  lioart,  in  a  third  instance, 
a  systolic  murmur  is  heard  with  slight  intensity.  Advancing  to  the 
aortic  and  pulmonic  areas  witli  tlie  stcthosco]H;,  the  iimrnnir  is  in- 
aadible.  Passing  downward  over  the  body  of  the  heart,  in  tlie  j)ara- 
atemal  line,  the  murmur  is  heard  a  little  holtiT  than  in  the  third 
left  interspace  near  the  sternum,  but  still  rather  ftvhly.  It  becomes 
distinctly  stronger,  however,  as  the  apex  is  approached  in  th(^  fifth 
interspace,  and  is  quite  well  audible  for  one  inch  outside  the  nipple 
line.  Toward  the  right,  in  following  along  the  fifth  interspace,  we 
notice  that  the  systolic  murmur,  slightly  changed  in  quality  and 
pitch,  also  becomes  louder  until  tlie  tricusj)id  area  is  reached,  where 
ita  maximnm  is  heard.  That  we  are  dealing  with  a  double  valvular 
abnormality  is  evident — tricuspid  and  mitral  insufficiency. 

The  ooaUiiations  of  vah^ular  lesions,  as  manifested  by  their  ac- 
oompanying  murmurs,  are  principally  the  following: 

(a)  Aortic  regurgitation  and  stenosis;  mitral  regurgitation.  We 
hear  the  doable,  to-and-f ro  or  ^^  seesaw  "  murmur  at  the  aortic  area, 
and  a -soft  qfatolic  murmur  at  the  apex.  The  aortic  second  sound  is 
Pfjqalljr  obliterated  by  the  systolic-diastolic  rushing  sounds. 
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(It)  Aorlic  regurgitation  and  mitral  regurgitation.     A  soft  dia».  1 
tolic  niunmir  ti'ansfiiillt'il    from   llie  baso   tn  llii>  ojifx  of  llie  heart,  1 


(Hutler.) 


systolic   inurmur   transmitted   to   the  1 


followed   by   a   short   > 
axilla. 

(c)  Mitral  stennsiH  and  regurgitation.  A  presystolic,  churning'^ 
murmur,  ending  abruptly  with  the  first  sound,  and  followed  by  thaa 
systolic  murmur. 

(rf)  Aortic  stenosis  and  mitral  stenosis.  A  rough  systolic  i 
raur,  heard  over  the  upper  portions  of  the  chest,  with  its  maximum! 
intensity  at  the  right  second  interspace,  and  propagated  into  thaJ 
carotids;  then  the  second  sound;  then  the  rolling  murmur  jU8t.S 
before  the  next  first  sound,  its  audition  circumscribed  around  &»m 
apex. 

(e)  Mitral  regurgitation  and  tricuspid  regurgitation. 

(/)  Mitral  stenosis  and  aortic  regurgitation. 

(g)   Aortic  regurgitation;  mitral  stenosis  and  regurgitation. 

(ft)  Aortic  stenosis;  mitral  regurgitation;  tricuspid,  re^r^ita 
tion. 
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TabtitatMl  Summarg  of  tA«  four  Principal  Organic 
Endocardial  Murmurt 


— . 

!■!■ ■ 

Awtio  ohrtxao- 
Uoa  or  rtoio- 
■ii. 

Saeond  right 
intonpace. 

Sjslolk. 

Over  the  upper  sterna]  region ; 
taroUd  artery. 

Aortic    iiuDfD- 
dency. 

aune,    or    left 
border  of  ster- 
num  at  level 
of  third  rib. 

Diu^ttolk. 
PresfBtolic. 

Over  lower  Iwo-lhirda  o(  sler- 
num,  and  precordiuin  to  loft 
of  sternum;   transmitted  to 

ap«. 

Hitnl  lUnoeie. 

A  pex  of  left 
ventricle. 

('irc-iiniscribe<l  U>  apical  region; 
rarely  transmitted. 

Hitrkl  inniffl- 
dencj. 

S«me. 

Systolic. 

Over  apital  utid  nipple  areas; 

axilla;  round  to  angle  of 
scapula;  sometimeB  upward 
and  inward  to  left  auricular 

(D)   FUNCTIONAL  OR  ACCIDENTAL  ML'RMURS 
These  are  advenlitioiis  dounds  oecurriiin  in  errtain  lli^^>asod  states, 
more  or  lesa  general,  in  whicli  the  earclint'  ftiiivtidn  is  dishirbed  or 


the  circulating  blood  altered,  but  in  which  there  is  no  valvular  or 
orificial  anatomic  lesion.  They  are  thus  found  in  asaociation  with 
cardiac  neuroses,  and  vith  anemic  and  some  febrile  conditions.    The 
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lerms  inorganic  and  fimciional  are  eommonly  used  to  designate  these 
miirmiirs  because  of  the  absence  of  any  structural  cliangea  affecliug 
tlie  heart.  When  due  to  blood  states,  tliey  are  spoken  of  as  hemic 
or  anemic  mnrmuTA.  As  dynamic  murniurs  they  refer  more  especially 
to  perversions  of  the  regularity,  steadiness,  poise,  or  freedom  of  the 
muscular  action  of  the  heart,  probably  with  some  disturbance  in  the 
neural  function  at  the  same  time;  these  correspond  with  the  cardio- 
iimscular  murmurs  of  Drummond.  Perhaps,  as  Baiicock  suggests,  the 
term  ac'.-idenia!  is  as  embracing  and  appropriate  as  any,  as  it  "  implies 
tiint  the  murmur  is  a  chance  result  of  cardiac  action." 

Characteristics  of  Accidental  Hormun. — (1)  As  to  location,  they 
arc  usually  best  heard  at  the  base  of  the  heart,  especially  in  the  pul- 
monary vftWe  area,  although  they  are  not  infrequently  audible  in  the 
mitral  area,  but  seldom  in  the  aortic  or  tricuspid  areas. 

(a)   In  lime,  they  are  practically  always  systolic. 

(3)   In  quality,  they  are  soft  and  blowing,  or  bellows-like. 

(I)  In  intensity,  they  are  gentle,  often  feeble;  mere  soft  aspire 
tions.  and  never  harsh,  rasping,  or  sawing. 

(5)  Their  pitch  is  often  high,  but  may  lie  low,  aiid  their  duralion, 
short. 

(6)  Their  area  of  anditttm  is  circnmscribed,  and  tiiey  are  not 
Iraiismillt-d  bcyoud  the  cardiac  iiren. 

(7)  In  some  cases,  as  in  chlorotie  or  anemic  subjects,  they  are 
accompanied  wilh  murmurs  in  the  veins  of  the  neck. 

(8)  They  are  usually  louder  at  the  end  of  expiration. 

(9)  They  arc  not  permanent  in  character,  their  fugaciousness 
depending  upon  (he  ctiolog}',  and  varying  from  a  few  hours,  as  the 
result  of  hard  exercise,  to  days,  weeks,  or  even  mouths,  disappearing 
whenever  general  and  local  improvement  ensues. 

(10)  niey  are  not  attended  with  evidence  of  cardiac  enlarge- 
ment. 

Functional  murmurs  may  be  produced  by  a  simple  increase  in 
(he  force  and  nipidity  of  the  blood  current  in  excitable  individuals 
laboring  under  temporary  physicid.  mental,  or  emotional  stress,  but  in 
whom  tliere  is  no  abnormality  of  size  or  structure  of  the  valve  orifices 
or  of  the  valves,  nor  of  the  specific  frravily  or  composition  of  the 
blood;  these  are  the  true  (lyiuimir  ?nurmurs  of  health,  in  contradis- 
tinction to  thos{'  due  to  some  irritiibility  or  irrcgubirity  of  the  neuro- 
muscular function  of  the  heart,  wliieh  riiiiy,  indeed,  in  certain  cases, 
really  be  caused  by  some  obscure  or  iaient  organic  affection  of  the 
myocardium,  a.--  of  patches  of  fatty  or  fibroid  degeneration. 


AUSCULTATION  305 

Ffodnotion. — ^The  theories  to  account  for  the  direct  origin  of  the 
accidental  murmurs  arc  so  numerous,  varied^  even  antagonistic,  and 
generally  unsatisfactory,  that  one  may  be  justified  in  taking  a  more 
or  less  personal  view  based  upon  the  studies  and  experiences  of  others, 
as  well  as  one's  own  observations  and  deductions.  Hence  it  is  prob- 
able, in  the  first  place,  that  the  functional  murmurs  heard  tempora- 
rily in  those  diseases  of  a  pyrexial  or  wasting  nature  in  which  myo- 
cardial relaxation  or  debility  is  associated,  are  really  the  result  of  a 
relative  insufficiency  of  the  auriculoventricular  openings,  or  of  some 
dilation  of  tlie  conus  arteriosus  of  one  or  the  other  side.  In  involve- 
ment of  the  tricuspid  or  in  it  ml  orificr,  the  condition  is  not  always 
or  necessarily  a  dilation  of  the  opening  itself,  but  may  be  due  to 
disorder  of  the  function  of  the  papillary  muscles  and  chorda?  tendineae. 
In  these  cases  there  is  often  a  weak,  impure  ilrst  sound  at  the  mitral 
area,  with  a  short,  soft,  systolic  murmur,  best  heard  at  the  third  or 
fourth  interspace  close  to  the  sternum  at  its  left  border,  loudest  at 
the  end  of  expiration,  and  in  the  upright  posture. 

The  fact  that  many  of  these  accidental  murmurs  are  most  distinctly 
audible  in  the  pulmonic-valve  area  may  be  explained  by  their  propa- 
gation from  their  mitral  seat  of  production  to  the  chest  wall  by 
conduction  along  the  tip  of  the  left  auricular  appendix.  In  the 
case  of  temporary  dilation  of  the  right  ventricle,  the  sound  of  rela- 
tive insufficiency  and  of  an  overworking  muscle  is  propagated  to  the 
pulmonic  area  as  a  tremor  (Sansom).  It  may  be  also,  as  Quincke 
pointed  out,  that  a  murmur  in  the  j)ulmonic  area  may  be  produced 
by  a  slight  squeezing  of  the  pulmonary  artery  against  the  chest  wall 
by  the  dilated  ventricle. 

In  the  anemic  states — chlorosis,  pernicious  anemia,  and  the  like — 
causing  the  hemic  murmurs,  the  condition  underlying  their  produc- 
tion is  essentially  the  same — that  is,  weakening  of  the  myocardial  walls 
owing  to  the  deficient  quality  and  quantity  of  blood,  imperfect  metab- 
olism— a  relative  insufficiency  resulting.  The  murmurs  of  anemia 
are  heard  usually  at  the  second  or  third  left  interspace,  near  the 
sternal  border,  although  they  may  rarely  be  audible  at  any  of  the 
other  valve  areas — at  the  aortic  most  frequently,  then  at  the  mitral 
and  tricuspid. 

The  precise  explanation  of  the  so-called  hemic  murmurs  is  diffi- 
cult, and  at  this  time  entirely  wanting.  Sahli  and  Vierordt  agree 
in  suggesting  that  they  may  really  be  venous  murmurs  transmitted 
to  the  heart  from  the  large  veins  in  the  thorax  which  lie  behind  it. 
According  to  Cabot,  the  diastolic  functional  murmurs,  exceedingly 
22 
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rare  as  they  undoubtPdly  are,  may  be  "  due  to  Bounds  produced  in 
the  veins  of  the  neck  and  transmitted  to  the  innominate  or  vena  cava." 

Certain  non-valvular  or  functional  niunniirs  may  also  be  caused 
by  congenital  anomalies  of  the  heart,  and  by  pressure  from  deformity 
outside  the  heart. 

While  mosit  of  the  accidental  murmurs  are  basic  in  location,  notably 
the  hemic  ones,  nevertheless  not  a  few  are  apical,  aspecially  Ihose 
which  may  be  termed  more  properly  dynamic.  Of  the  first  class, 
clilorosis  is  ft  type  of  disease;  of  the  second,  chorea.  The  chlorotic 
munuiir  is  often  heard  in  the  aortic,  and  sumetlmes  in  the  upper 
mitral  areas,  but  in  the  former  region  is  n^t  usually  propagated  into 
the  arteries,  except  in  the  most  advunwd  cases.  However,  as  Balfour 
points  out,  the  functional  murmurs  of  botli  kinds  e.'wentially  depi-nd 
upon  simple  dilation  of  the  heart  from  the  debility,  weakne»i,  and 
relasation  of  the  myocardium,  the  residl  of  the  perversions  of  metab- 
olism and  neuromuscular  rhythm  and  power. 

DifferentiatioiL — It  is  often  difficult  to  determine  whether  we  are 
dealing  with  a  functional  or  a  true  organic  murmur;  and,  although 
the  distinctive  points  of  the  former  have  just  been  given,  it  may  be 
well  to  put  over  against  these  a  c<»nparatiTe  snmmar}'  of  those  of 
the  organic  murmurs. 

Fiinrlional  murmurs  are  almost  always  systolic  in  lime;  orgauh- 
murmurs  are  frequently  diastolic. 

Fuiiclional  murmurs  usually  have  their  areas  of  maximum  in- 
tensity at  the  base,  and  in  the  pulmonic  area;  organic  murmurs.  i>u 
the  nlluT  liiind,  occur  more  frequently  at  the  apux,  and  when  fcmiul 
at  Hie  liase  are  praclically  limited  to  the  aorlic  region, 

Fiiri'tioiiul  murmurs  an;  generally  very  soft,  not  harsh  or  musi- 
cal;  nor  are  they,  as  is  commonly  true  of  orgitnic  murmurs,  trans- 
milted  beyond  the  prccordium,  or  along  the  lines,  especially,  of  regur- 
gitating blooil-eurrents, 

Fuiiclional  murmurs  are  usually  loudest  at  the  end  of  inspiration ; 
the  orgnnir,  at  the  end  of  expiration. 

A  fiiri'liuiial  nuirmur  should  always  be  suspected,  other  things 
l<eiug  equal,  whenever  the  j^ounds  are  heard  in  casi's  of  distinct  chloro- 
sis or  nlher  forms  of  pronounctil  anemia,  and  in  neurotic  states;  an 
ori/iiiii':  iiiiiruiiir,  wbcnever  there  arc  positive  evidences  of  cardiac 
cnlargeiDcnt.  siieli  as  displaced  apex-beat,  with  exaggerated  force  and 
extent  111'  itiiiutl-c.  etc. 

rimdly.  Ihe  fiiii'lioniil  murmurs  diiTer  from  Ihe  organic  in  being 
sHsceptililc  to  iilir-einaiion  by   pressure  witli  tlie  stethoscope,  and  to 
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disappearance  when  the  patient  assumes  the  dorsal  or  right  lateral 
decubitus. 

Mudoal  murmurs,  as  intimated  before,  may  accompany  organic 
valTular,  especially  aortic,  lesions,  as  whistling,  filing,  singing,  etc., 
qualities  of  sound.  In  some  cases  they  may  be  caused  by  sclerotic 
and  calcified  aortic  cusps,  or  to  fenestrations,  or  to  tears  with  freely 
floating  ends.  Again,  the  post-mortem  findings  of  musical  murmurs 
have  been  hard  atheromatous  plaques  in  tlie  aorta  near  the  aortic 
orifice;  fibrous  bands  stretched  across  the  ventricles  near  the  tricuspid 
or  mitral  orifices,  or,  as  in  a  case  reported  by  Potain,  a  cord  between 
the  ventricular  wall  and  tlie  edge  of  tlie  mitral  valve,  just  below  the 
aortic  orifice,  and  ruptured  tendinous  cords  swinging  loosely  or  form- 
ing abnormal  attachments. 

In  the  case  of  the  itinerant  young  Russian,  to  whom  Babcock 
refers  in  his  Iwok  on  "Diseases  of  the  Heart  and  ^Vrterial  System,^* 
p.  30,  and  whom  I  showed  to  my  class  in  the  Medico-Chirurgical 
College,  the  scar  of  a  stab  wound  over  tlie  ri^ht  ventricle  suggests 
that  the  singing,  systolic  murmur  of  his  "  musical  heart "  is  probably 
due  to  tricuspid  regurgitation. 

Accidental  musical  murmurs,  however,  may  also  occur  in  certain 
rare  instances.  Thus,  they  have  been  discovered  occasionally  in  neu- 
rotic, slightly  anemic  young  females  with  tachycardia,  and  who  while 
under  examination  have  cxhihited  intense  nervousness,  and  visible 
and  palpable  violence  of  cardiac  action.  They  may  l>e  explained  as 
due  to  the  vibration  of  one  of  the  so-calle<l  modrrnior  bands  or  aheV' 
rant  cords  sometimes  found  stretched  alon<^  or  across  the  intraven- 
tricular wall,  while  under  the  increased  tension  of  overfilled  chamber 
and  extremely  rapid  action. 

Cardiopulwonarif  or  ('ardiorespiralonj  Sounds. — Although  strictly 
within  the  category  of  the  exocardial  sounils  (see  next  topic),  so 
far  as  their  origin  is  concerned,  their  presence  within  and  their  fre- 
quent proximity  to  the  precordiuni,  as  well  as  their  mode  of  produc- 
tion, ally  them  quite  closely  to  the  more  purely  functional  or  accidental 
murmurs;  in  fact,  Potain  and  others  consider  all  accidental  murmurs 
practically  as  cardiopulmonary  in  origin.  By  this  compound  term  it 
is  meant  that  the  sound  is  caused  by  the  rhythmic  impact  of  the 
heart  against  the  overlapping  lung,  especially  that  portion  known  as 
the  lingula. 

The  cardiorespiratory  murmur,  which  is  not  at  all  uncommon, 
is  heard  as  a  short,  moderately  high-pitched,  whiffing  sound,  quite 
suggestive  of  the  brusk  displacement  of  air  from  the  vesicles  and 
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bronchioles  of  the  aurroiuiding  liing.  Becaueo  intimate  contact  be- 
tween the  heart  and  liiog  is  essential  to  pi-octuce  this  pound,  it  is  natu- 
ral to  reason  that  it  will  be  most  audible  at  the  end  of  inspiration, 
fading  rapidly  witfi  expiration;  and  so  the  clinical  facts  arc  found 
to  l>e.  ^Vgain,  the  cardiopulmonary  sound  ceases  to  be  heard  when 
the  breath  is  held.  With  deep  and  forcible,  though  slow  breathing, 
it  may  be  heard  throughout  the  respiratory  aet,  but  always  louder 
during  inspiration.  At  other  times,  during  moderate  breathing,  one 
liears  three  or  four  distinct  and  rapidly  diminislung  puffs;  then  an 
expiratory  silence.  It  is  systolic  in  time,  as  a  rule.  Lying  upon 
the  back  or  the  right  side   usually  diminishes  the  intensity  of  thi^ 

BflUSd. 

The  area  of  audibility  is  limited  to  the  apical  and  left-upper 
Ijordcr  regions.    The  nound  is  not  transmissible  as  are  the  valvular 

murmurs,  although  in  raru  instances  it  has  been  heard  under  Ibo  left 
clavicle  and  scapula.  It  may  be  motlified  by  external  pressure,  as  wilh 
a  stethoscope,  in  the  vicinity  of  its  proiluction ;  either  quality  or  in- 
tensity, or  both,  may  be  altered.  Although  the  cardiopulmonary 
sounds  may  occur  under  entirely  normal  conditions,  it  is  not  un- 
likely that  in  some  cases  there  is  a  localized  or  compensatory  emphy- 
sema against  which  the  heart  impinges  in  its  movements.  Finally, 
it  shrnil.l  hi-  Iiornc  in  mind  lliiit  t)i.'se  sounds  arc  extromely  variable, 
and  may  Im  beard  during  any  physical  relation  of  heart  to  overlying 
lung  sullicient  (o  generate  Ihem,  without  regard  to  respiration  or 
posture,  although  those  points  mentioned  above  are,  in  the  majority 
of  instances,  characteristic. 

EXOCARDIAL    SOUNDS 

The  adventiliou!^  i^ounds  jiroduwd  outside  and  yet  associatetl  with 
the  heart,  although  not  usually  heard  beyond  the  precordial  borders, 
are  mainly  those  originating  witiiin  the  pericardial  sac.  Others,  of 
less  frequent  occurrence,  may  be  pleiiropericardial,  vascular,  pleural, 
pidnionary,  and  subphrenic.  Excepting  the  vascular  murmurs,  tiiey 
are  all  eharuclerizi-d  by  marked  vaiiely  of  (]n;ility,  indefmitcness  of 
reliition  to  llie  CLinliiic  cych',  and  variiibility  of  signs  generally. 

Pericardial  Murmurs  or  Friction  Sounds. — As  these  names  clearly 
indiciile,  tluT  ivpro.'nl  the  eirccls  of  the  rulil.ing  or  friction  of  in- 
llamed,  ronirhcncil  ju'rieanlial  snrfaoes,  aiiiTlngous  to  picuritis,  since 
normally  ili'-i-  <iTons  menibrancs,  visceral  and  parietal,  glide  over 
each  other  smootlilv  and  noiselcsslv. 
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Attention  will  be  directed  at  llie  outset  to  the  peculiar  qualiU 
of  the  pericardial  friction  sounds.     They  nre  variously  described  i 
grozing,  grating,  Bcratching,  often  liniRhing,  ehufiling,  scraping,  ( 
ing  like  leather,  rustling  or  crumpling  like  silk  or  parchment,  crunct 
ing  like  snow — all  depending  more  or  less  upon  the  drj-nesB  of  t 
surfaces,  or  the  viseouity,  thickness,  and  chronicity  of  the  exudate. 

As  to  LOCATION,  pericardial  friction  is  best  lieard  over  the  hoi 
nr  center  of  the  heart,  near  the  roots  of  the  great  vessoln,  and'' 
over  the  base  of  the  riglit  ven- 
tricle, Bcldom  at  the  apex.  In 
other  words,  it  is  found  usually 
in  the  third  and  fourth  left  in- 
terspaces, where  it  does  not  co- 
ineicle  with  the  areas  of  maxi- 
mum intensity  of  the  organic 
valvular  murmurc.  Of  course. 
it  may  Iw  heard  over  a  large 
part  of  the  precordium  in  ea^i'^; 
of  estensive  fibrinoue  pericardi- 
tis; often  in  the  second  Inter- 
space, and  nearly  as  far  as  tlie 
left  nipple. 

It  is  circiimtcribrit  rather 
sharply^ — that  is,  its  audibility 
ia  limited  pretty  closely  to  the 
point  of  il-s  origin^ — and  it  U 
not  propagated  alonj;  any  blood- 
current. 

Hhytiim. — This  ia  the  most  ii 
mined  in  connection  with  the  pericardial  rubbing  pound.  In  the  first 
place,  it  is  notoriously  variable  and  changeable  in  time.  However,  it 
I  is  mostly  to-and-fro,  systoiic-diastolic,  but  may  occur  in  any  portion 
1  of  these  cardiac  functions;  it  may  accompany  and  overlap,  or  go  be- 
tween, pi'eceding  or  following  either  or  both  heart  sounds,  more  often 
being  interposed  between  than  synchronous  with  them.  Although  most 
frequently  a.ssociated  with  ventricular  systole  or  diastole,  sometimes, 
as  I  have  heard  in  two  cases,  one  fatal,  there  may  be  a  triple  friction 
sound  due  to  auricular  systole,  like  the  3:  4  rhythm  of  waltz  mufli& 
A  doable  sound  may,  so  to  speak,  hug  the  second  sound. 

A  characl eristic  feature  of  the  pericardial  murmur  is  its  irregn- 
larity  of  rhytlmiic  relation  to  the  Ryslole  and  diastole,  being  at  < 


iportant  physical  pign  to  be  deter- 
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time  doser  to  one,  then  in  a  daj  or  two  to  tlie  other  corres}>on(ling 
Round. 

Intensity. — The  factors  which  inllucnce  llic  loiidjicss  of  the  peri- 
cardial nih  have  diagnostic  value.  The  snnnd  is  super/icml;  seems 
to  be  near  to  tlie  ear.  The  fact  that  it  actually  la  prodaeed  near  the 
surface  of  the  chest  makes  it  amenable  to  pressiire  with  the  stetho- 
scope, its  intensity  being  increased  by  gentle  pressure,  diminished  or 
abolished  by  firm  pressure.  Pastvre  also  afTects  the  loudness  of  a 
peiicardial  friction  murmur,  so  that  it  becomes  more  distinct  in  the 
erect,  and  still  more  in  the  forward  bending,  posture;  although  in 
eonie  cases,  probably  where  the  pericarditis  is  more  apical  and  pos- 
terior, the  reverse  may  be  true.  Tile  effects  of  respiration  are  likewise 
inconstant,  but  usually  the  sound  is  intensified  by  a  full  inspiration 
whenever  sufficieut  to  cause  firmer  apposition  of  the  rubbing  mem- 
branes. 

Broadly  speaking,  the  intensity  of  pericarditic  friction  sounds  de- 
pends upon  (1)  the  properties  of  the  exudate  and  (2)  the  strength 
of  cardiac  aetion.  A  fresh,  soft,  smooth  fibrinous  deposit,  with  feeble 
force  of  the  heart,  will  give  a  hardly  perceptible  friction  sound ;  on 
tli«  other  hand,  a  chronic,  thick,  bard,  and  rough  deposit,  with  exag- 
gerated  cardiac  force,  will  produce  a  loud  and  harsh  murmur.  Peri- 
cardial friction  sounds  vary  in  intensity  from  day  to  day,  as  well  as 
in  precise  location.  In  patients  willi  tiiin  chest  wiills  and  a  tumultu- 
ously  ]»ulsatin}r  dilated  right  ventricle,  firm  pressure  with  the  stelho- 
scojie  in  llie  fourlli  or  fifth  left  interspace  luay  develop  a  rubbing 
sound  which  often  closi'ly  simulates  the  pericardial  friction. 

It  sliduld  be  noted  here  tliat  a  variety  of  conditions  besides  simple 
fibrinous  pericarditis  may  give  rise  to  friction  sounds.  The  principal 
of  these  arc  the  following:  Abiinrnial  dryness  or  stickiness  of  the  peri- 
canlial  serous  surfaces,  as  in  cholera;  milk  spots  on  the  visceral 
{right  ventricle)  pericardium;  lulierculosi.s.  carcinoma,  and  gumma- 
tous svi'liilis  of  the  pericardium  ;  calcifications  and  fibrous  roughnesses 
from  arleriid  sclerosis  ((iilison). 

DiirKiiKNTiAi,  Di.vtiNo.sis  BicnvicKx  I'KiiiCAnitiAL  Fhiction 
SoiNi'S  AND  Kxehwahhiai,  Mi'iiKuiis. — Tliis  is  made  by  noting 
espeeially  the  (lilFcrcriees  in  i]uality,  in  rhythm,  in  constancy  of  loca- 
tion and  intensity,  the  viiriahlt'.  sliifliuf:  pnsiiinn  of  tlie  [Pericardial 
murmurs  lieiuf:  in  marivwl  cniilra^-t  In  tlu>  cnnsliimy  of  endocanlial 
valve  unininirs.  The  superficial  character  of  friction  sounds,  and 
Ihoir  susccptH.iliiy  to  pressure  of  the  stethoscope,  are  features.  Other 
[loinls  are  the  lcui]iorary  nature  and  irregular  strengtii  and  time  of 
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the  pericardial,  and  fhe  chronicity  and  regularity  of  the  endocardial 
murmurs. 

neuroperioardial  Friction  Sounds. — Murmurs  may  be  caused  by 
roughness  of  the  outer  surface  of  the  pericardium,  or  of  that  portion 
of  the  pleura  which  overlaps  the  heart,  or  both.  The  resulting  pleuro- 
pericardial  friction  sounds  are  similar  in  quality  to  the  pericardial. 
They  are  most  frequently  heard  in  the  fourth  and  fifth  interspaces, 
where  the  lingula  of  the  left  lung  is  apposed  to  the  apical  portion  of 
the  heart.  A  distinguishing  feature  of  these  sounds,  which  are  vir- 
tually pleuritic  friction  sounds  in  origin,  is  their  behavior  in  relation 
to  respiration.  The  friction  is  often  heard  only  during  inspiration, 
and  during  the  cardiac  systole;  and  while  it  may  disappear  when  the 
patient  holds  his  breath,  it  is  only  faintly  audible,  if  at  all,  during 
the  expiratory  act.  It  is  usually  louder  during  a  full  inspiration  than 
an  ordinary  one.  1  have  seen  a  few  cases  in  which  the  soimd  was 
heard  as  a  pleuritic  friction,  with  respiratory  rhythm,  during  forced 
breathing,  and  as  a  pericardial  friction  during  quiet  breathing,  with 
the  rhythm  of  cardiac  action  alone  distinct. 

Subphrenic  friction  may  be  produced  by  a  subdiaphragmatic  peri- 
tonitis or  a  diaphragmatic  (phrenic)  pleuritis,  the  sound  being  syn- 
chronous with  the  heart  action,  and  best  audible  at  the  lower  end 
of  the  sternum  and  in  the  intorchondral  spaces. 

Pericardial  Splashing  Sounds. — Those,  which  may  also  have  a 
churning  quality,  are  heard  if  air  and  fluid  he  present  in  the  peri- 
cardial sac,  as  from  stab  wounds.  The  condition  is  termed  a  hydro- 
or  iryopncumo pericardium,  analo^^ous  to  similar  conditions  of  pneumo- 
thorax, the  heart  acting  as  a  rhythmical  succussion-splash  producer. 
The  sounds  have  been  well  likened,  also,  to  those  caused  by  a  water- 
wheel.  Obviously,  they  continue  while  the  breath  is  held.  Exception- 
ally, such  sounds  may  indicate  the  disturbing  eifoct  of  cardiac  action 
upon  adjacent  large  pulmonary  cavities  filled  partially  with  gas  and 
liquid  exudate,  or  upon  a  dilated  stomach.  In  the  latter  case,  the 
sounds  may  have  a  metallic  tone. 

Cog-wheel  respiration,  in  the  majority  of  instances,  is  undoubtedly 
suggestive  of  a  tubercular  deposit  in  the  bronchioles,  and  yet  may 
occur  as  an  accompaniment  of  a  hypertrophied  heart.  In  this  exo- 
cardial  phenomenon  my  experience  tallies  with  the  experience  of 
Oibson.  A  gentleman,  fifty  years  of  age,  of  medium  build  but 
with  muscles  of  iron-like  resistance,  was  considered  a  good  oarsman 
on  the  Schuylkill  River  when  a  young  man.  His  lungs  are  entirely 
sound;  nevertheless,  he  has,  along  with  a  strong,  hypertrophied  heart. 
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interrupted  inspiration  over  portions  of  his  left  upper  lobe,  anteriorly. 

It  is  probable  that  a  pleuropericardial  or  cardiorespiratory  nmrmur 
may  be  confused  with  cog-wheel  respiratory  sound  of  cardiac  causation. 
Crepitations,  or  fine  crackling  or  moist  rales,  may  be  set  up  by 
and  a(!conipauy  the  movements  of  tlie  heart  as  other  extrinsic  mani- 
festations. Thus,  adjacent  to  and  impinging  upon  the  heart,  the 
air-vesicles  and  smaller  bronchi  contain  more  or  leas  viscid  secretion ; 
or  (here  may  he  a  mediastinal  emphysema,  in  all  of  which  these 
adventitious  sounds  iKCur  in  synchronism  with  the  heart's  movements. 


CHAPTER    XJV 
EXAMINATION  OF  THE  BLOOD-VESSELS 

THE   ARTERIES 

INSPECTION 

In  connection  with  the  physical  signs  of  diseases  of  the  heart, 
no  rational,  successful,  or  useful  diagnosis  can  be  made  without  a 
careful  consideration  of  the  vascular  phenomena.  The  diagnostic 
value  of  the  evidence  to  be  obtained  bv  observation  of  the  cervical 
and  peripheral  vessels  is  a  common  fact  in  the  interpretation  of  car- 
diac conditions.  The  pipes  are  organically,  vitally,  semeiologically 
related  to  the  pump. 

The  Arch  of  the  Aorta  and  the  Larger  Arteries. — Visible  pulsa- 
tion along  the  course  of  the  aortic  arch  is  usually  significant  of 
aneurism,  especially  if  accompanied  with  swelling.  If  the  pulsation 
is  seen  to  the  right  of  the  sternum,  the  ascending  portion  is  involved. 
When  the  manubrium  or  the  suprasternal  notch  pulsates,  the  trans- 
verse portion  of  the  arch  is  aiTecte<l.  It  should  not  be  forgotten, 
however,  that  not  all  aortic  pulsations  observed  are  necessarily  ab- 
normal ;  as  in  the  episternal  notch,  it  may  be  due  to  a  high  location 
of  the  arch,  rarely  to  mere  old  age.  On  the  other  hand,  the  aortic 
pulsation  may  be  due  to  retraction  of  the  lung.  Aneurismal  pulsa- 
tions are  invariably  systolic.  Sometimes  a  pulsation  in  the  second 
right  interspace  may  mean  dilation  of  the  commencement  of  the 
aorta^  associated  with  aortic  insufficiency  and  marked  hypertrophy 
of  the  left  ventricle;  but  it  usually  has  a  more  ditTuse,  wavy  charac- 
ter instead  of  the  finer,  shorter,  more  circumscribed  aneurismal 
impulse. 

The  pulmonary  artery  may  be  seen  to  pulsate  in  retraction  of  the 
left  lung  from  fibroid  phthisis  or  chronic  pleural  adhesions.  In  a 
case  of  cerebrospinal  meningitis,  in  a  boy  of  six  years,  I  once  wit- 
nessed the  development  of  acute  endocarditis  as  a  complication,  with 
decided  pulsation  over  the  pulmonary  arter}',  palpable  as  well  as  visi- 
ble, and  accompanied  with  a  systolic  murmur  heard  best  in  the  same 
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region.  Aneurisnia!  pulsation  of  this  arlcry  may  also  occur,  but  it 
16  rare. 

The  innominate  artery  may  give  rise  to  visible  jiulaation  near  tho 
right  stornoclavicular  articulation,  and  cvmi  to  some  bulging  owing 
to  aneurism,  or  possibly  to  disturbance  from  involvement  by  aneuri^im 
of  the  aortic  arch. 

The  carotid  arteries  sliow  a  slight  movement  of  pukation  above 
the  claricles  in  many  healthy  persons.  Decided  visible  pulsation  of 
the  carotids  may  indicate  nervous  excitement  or  emaciation  without 
any  cardiac  abnormality. 

Marked  throbbing  in  the  neck,  however,  is  most  typically  caused 
by  the  combination  of  cardiac  hypertrophij  and  aortic  iiuufficienvy ; 
in  fuel,  it  is  n  wminon  phenomenon  in  most  instances  of  imperfect 
filling  of  the  arterial  system  with  relaxation  or  dilation  of  the  vaacn- 
lar  wally.  as  is  met  with  in  antmia,  the  hypopliula  of  chloronis,  kt- 
opklhalmiv  goitrr,  etc.  Arteriosclr.rosis  may  also  so  affect  these 
arteries  as  to  produce  visible  pulsations,  owing  to  the  prominence 
of  the  thickened,  rigid,  tortuous  walls. 

Abnormal  pulsations  of  the  other  arteries  are  due  to  the  same 
causes  that  have  juat  been  enumerated.  It  is  in  aarlic  rcffurgitalitm, 
however,  that  the  most  distinctive  pulsations  of  the  principal  arteries 
are  nntici'ablc.  Wc  find  tlii^  especially  true  of  the  sulK-lavian,  axil-, 
lary,  briic-bial.  an.l  radial  arteries;  less  so  of  the  ulnar,  femoral,  an- 
terior and  jmslcrmr  tibial,  and  dorsalis  pwlis  arteries.  The  mmle  of 
production  may  be  iuiiicatcfl  us  follows:  'J'hc  sharp,  cxaggcratcil  rise 
of  the  |iulM-wave  is  due  to  the  hypcrtrophied  left  ventricle,  and  the 
inelastic  vasculiir  walls  usuallv  associated.  .\s  soon  as  cardiac  dias- 
tole begins  t!ic  inlravascubir  pressure  is  suddenly  reloasetl.  aided  by 
the  regurgitating  current  of  blood  into  the  left  ventricle,  thus  making 
the  pnlsation  nianifesl  by  llic  extreme  amplitude  of  rise  and  fall. 
Prominence  of  the  temporal  artery  and  of  its  pulsation  is  a  common 
observation  in  those  more  or  less  old  people  who  show  the  vascular 
changes  of  fibrous  thickening.  Not  infrc(]nenlly  one  may  notice  in- 
equalities in  the  course  of  a  sclerosed  artery,  due  to  the  collei'lioii 
of  lime  sail  dcpnsils.  Somitiiiies,  also,  a  lateral  movement  of  a 
promiiieiit  and  lorluous  brachial  artery  at  the  elbow,  or  of  a  teiu- 
]M)riil  artery,  may  he  oljserveil  as  well  as  the  vertical  pulsation. 

Ihe  Abdominal  or  Descending  Aorta. — Tins  is  seldom  seen  to 
pulsale  ill  llu-  hridlby  individual.  e\ec|.l  lemporarily  frmn  exertion 
and  cxciteincni.  licl'crenee  lias  already  U'cn  made  (o  aortic  pnlsa- 
tion   in    tile   C|)igii-trium ;    ils    jiroduclion    by    imincdiale   disease,    as 
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aneniifim,  or  by  transmission  through  an  overlying  pyloric,  pancre- 
atic, hepatic,  mesenteric,  or  other  tumor.  In  distinct  contrast  to  the 
dicomscribed  pulsation  of  an  abdominal  aortic  aneurism  is  the  diffuse 
pulsation — ^violent  it  may  be — of  a  large  portion  of  the  vessel.  This 
is  characteristic  of  many  patients  who  are  neurotic,  hysteric,  or  neu- 
rasthenic, and  who  suffer  reflexly  from  various  complaints,  as  chronic 
gastro-intestinal  catarrh,  movable  kidney,  ptosis  of  the  abdominal 
organs,  ovarian  disorders,  tuberculosis,  peritonitis,  and  the  like. 

PALPATION 

The  Aorta. — This  great  vessel  is  not  palpable  normally,  except  in 
certain  anomalous  eases  of  high  position  of  the  arch,  when  its  pulsa- 
tions may  be  felt  in  the  episternal  notch  by  making  deep  pressure 
downward  behind  the  sternum.  In  acute  or  chronic  dilation  (diffuse), 
with  or  without  aortitis,  the  aorta  may  be  felt  in  the  right  first  and 
second  interspaces,  and  if  the  transverse  portion  of  the  arch  is  in- 
volved, also  over  the  manubrium  as  a  transmitted  impulse.  It  is  in 
the  diagnosis  of  aneurism  that  palpation  has  decided  confirmatory 
value,  noting  the  area,  force,  and  expansile  character  of  the  pulsation, 
thrill,  and  diastolic  shock.  Here  may  be  described  also  the  palpatory 
sign  of  thoracic  aneurism  known  as  the  "  irnchoal  tiiff,^'  It  is  elicited 
by  the  physician  standing  behind  the  seated  patient,  whose  head  is 
l)ent  well  back  and  chin  elevated.  The  examiner  then  inserts  the 
tips  of  both  index  fingers  under  tlie  lower  edge  of  the  cricoid  car- 
tilage, which  is  gently  raised  by  them  (Ewart),  when,  if  aortic  aneu- 
rism be  present,  an  unmistakable  downward  tug  is  felt  with  each 
cardiac  systole.  Tracheal  tugging  occurs  only  when  tlie  aneurism  is 
80  situated  and  connected  with  the  transverse  portion  of  the  arch 
of  the  aorta  that  it  presses  downward  upon  the  trachea  at  its  bifur- 
cation. 

The  pulmonary  artery  or  second  left  interspace  region  may  be 
the  seat  of  pulsations  that  may  be  palpated.  Here,  near  the  sternum, 
may  sometimes  be  felt,  an  instant  later  than  the  apical  impulse,  a 
circumscribed  pulsation  or  diastolic  shock,  due  to  a  sharp  recoil  upon 
the  pulmonary  valve  leaflets  from  heightened  ]>ressure  in  the  pulmo- 
nary circulation,  and  is  thus  an  indication  of  hypertrophy  of  the 
right  ventricle,  especially  noticeable  if  there  is  simultaneous  retrac- 
tion of  the  anterior  border  of  the  left  lung.  Such  marked  hyper- 
trophy of  the  right  ventricle  is  usually  the  result  of  mitral  stenosis. 

The  palpable  signs  of  the  other  arteries  and  their  pulsations  may 
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bo  iiichidrfl  in  Ihi?  con^;ideration  o!  the  traditionally  and  commonly 
Hiid  ijuitu  ai)prapritt(«]y  iseieeted  radial  artery  and  pulse.  As  an  index 
of  the  cardiac  condition  and  of  vasomotor  tone,  the  anatomic  situation 
and  practical  convenience  of  accei^  of  the  radial  artery  make  it  suffi- 
cient and  fialisfactory,  although  on  occasion  the  carotid  and  temporal 
arteries  serve  a  useful  purpose. 

The  Puhf 

In  these  day§  of  inslrumcnts  and  methods  of  precision  in  the 
oxaminatJon  cif  (he  heart,  irmch  less  nltention  is  being  paid  to  the 
pulae  in  the  clinical  instruction  of  medical  colleges  than  should  be. 
In  practise,  however,  it  is  doubtful  whether  the  busy  physician  in 
private  or  hospital  work  fails  to  acquire  quickly  and  comprehensively 
most  important  data  which,  although  licaring  upon  the  condition  of 
the  heart,  could  not  be  determined  so  promptly  by  an  examination 
of  that  organ  itself.  This  is  especially  true  of  emergencies,  and  in 
multitudes  of  instances  where  judgment  and  skill  in  diagnosis,  prog- 
iiouis,  and  treatment  are  urgent  factors.  Hence  it  is  that  training 
in  taking  the  pulse  can  never  be  too  full,  constant,  and  diligcnl,  so 
Uiat  the  moKt  exqaitiite  sensitiveneafl  of  touch  may  be  developed  in 
conjunction  with  related  clinical  and  pathologic  knowledge — feeling 
Willi  Ibe  bniiu  ii^  well  us  wilb  llie  liujicrs.  Tlicre  are  suveral  instru- 
uienfal  aiixiliiiri.s  in  ascerliiiuiiig  tlu"  cluiracter  of  the  pulse,  sucii  as 
till'  spill/;/ III 'ii/ni/ih.  for  making  graphic  pulse  tracings,  and  the  xphi/i/- 
iii'iiiiiiiiiiiii'lrr  iirid  liiiioiiirlrr.  for  dclcrmliiing  the  blond-pressure  ;  and 
vvliilc  lioth  arc  scicnlilically  and  pniclically  valuable  in  diagnosis, 
(bey  can  nwur  lake  the  pbic-e  of  the  convenient,  wi-l  1-1  rained,  sentient 
linger-lips. 

Method  of  Examining  the  Pulse. — The  pusition  of  the  patient's 
body  is  important,  csji^'ially  as  it  influences  tlie  frequency  of  the 
pulse.  .Ml  muscular  constraint  must  he  forestalled  by  putting  him 
at  ease  in  a  reclining  or  sitting  pfisturc.  Tlie  arm  whose  radial  pul.-^e 
is  lo  l,i..  pulpalcil  .-hiuild  be  allowed  lo  res!  upon  Ibe  side  of  the  bed 
or  cHiicli.  a  liiiili'.  or  chair  su|)|)ort.  or  shoubl  he  held  by  the  exam- 
iner's ciiti,>i-  baml  If  I  be  pMlienfs  left  radial  arlcry  is  to  bo  examined, 
llie  nl.HTVrr  'i:uu\~  <>v  siis  l(.  ibe  Icfl.  and  employs  his  left  index, 
middle,  jiid  rill-  fiiiirers.  or,  as  I  ofl.'u  prefer,  the  "first  two  of  these, 
wilb  llieir  lip-  just  inside  and  ab..vc  llu)  styloid  procc-^s  of  the  radius. 
Ibe  piiliciii'.  wri-l  being  held  ill  a  ■^emipmne  position.  For  the  right 
artery,  the  pby-i.iaii  |.;di.,ili--  -imilnrly  witli  the  right  hand  while  at 
the  pniiiiuV  riu'lil  -iile.     I^vccpiiouid  conditions  of  convenience,  neees- 
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flity,  adaptability,  and  the  personal  equation  may  alter  or  reverse  this 
method.  When^  as  should  always  be  done^  both  radials  arc  examined 
simultaneously^  the  observer  stands  in  front  of  the  patient,  using  his 
right  hand  for  the  right  artery,  and  his  left  for  the  left.  The  teehnic 
here  given  affords  the  accomplishment  of  placing  the  index  finger 
proximally — that  is,  nearest  to  the  heart — and  thus  enables  this  most 
sensitive  finger  to  regulate  tlie  pressure  ui>on  tlie  artery,  the  effects 
of  which  may  then  be  appreciated  by  the  other  fingers  (Gibson). 
The  palpating  pressure  should  at  first  be  light.  Not  only  should 
both  arteries  be  palpated,  at  least  on  tlie  first  examination,  for  the 
estimation  of  any  possible  asymmetries  of  pulsation — to  be  referred 
to  later — but  also  to  discover  any  anomalous  position.  For  it  is  not 
uncommon  to  find  the  radial  artery  winding  around  the  upiwr  part 
of  the  styloid  process  of  the  radius  to  the  back  of  the  hand,  leaving 
the  bony  base  of  the  artery  in  front  without  pulsation,  or  with  a 
slight,  deceptive  pulsation,  produced  prol>ably  by  the  superficial  volar 
artery. 

Other  points  in  the  teehnic  will  be  indicated  as  the  conditions 
to  be  ascertained  specifically  are  described  seriatim. 

Phenomena  to  be  Observed. — It  is  well  to  adopt  a  habitual  order 
of  procedure  in  studying  the  details  of  the  artery  and  pulse.  Thus 
we  may  gain  a  threefold  impression,  mainly:  (1)  The  condition  of 
the  artery — its  walls;  (2)  the  condition  of  its  blood-siipply — its  ful- 
ness; (3)  the  character  of  the  pulse-wave — its  pulsatory  dilation  and 
contraction. 

In  palpating  the  pulse,  it  will  be  noticed  that  we  determine  three 
important  factors  intimately  connected  witli  heart  aifections:  The 
elasticity  of  the  arterial  system  is  inferred;  the  cardiac  action,  and 
the  resistance  in  the  arteries  and  capillaries,  each  of  these  two  latter 
factors  influencing  both  the  second  and  third  impressions  indicated 
above. 

(1)  The  Arterial  Walls.  Teehnic, — By  digital  pressure  a  little 
above  the  palpating  region,  the  radial  artery  may  be  emptied,  and 
rolled  imder  the  other  fingers  by  slipping  the  skin  over  it  to  and  fro, 
at  the  same  time  pressing  the  vessel  gently  against  the  bone.  In  this 
way  the  size  or  caliber  of  the  artery,  and  the  condition  of  its  walls, 
may  be  felt.  The  normal  size  of  the  radial  arteries  may  vary  de- 
cidedly in  different  individuals,  and  its  determination  must  be  largely 
a  matter  of  judgment  based  upon  many  observations,  and  upon  con- 
siderations involved  in  the  build  of  each  person.  The  estimation 
must  be  made  from  the  sensations  derived  between  the  pulsations 
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order  to  bo  truly  representative'  of  the  actual  arterial  caliber.  One 
may  note  small  arteries  in  a  large,  stout  man,  or  large  arteries  in  a 
lean  man,  exceptionally,  but  usually  we  find  large-sized  arteries  in 
individuals  of  large  build  and  large  hearts,  and  smaller  ones  in  those 
of  small  musculature  and  stature. 

Pathologicallj/  we  seldom  meet  with  a  radial  artery  which  can  be 
denominated  as  oversized.  It  may,  however,  be  found  in  certain 
persons  of  obese  habit,  inclined  to  pallor  ralher  than  to  plethora 
(the  "lymphatic  temperament"  of  the  older  writers),  and  with 
a  notable  flabbinoss  of  the  walls  as  an  aawciatcd  fiign.  This  is  fre- 
quently an  indication  of  accompanying  cardiac  weakness  or  lack  of 
myocardial  tone  and  vigor  from  hj-poplasia.  On  the  other  hand, 
abnormally  small  arteries  are  more  commonly  met  with,  often  as 
congenital  conditions,  when  they  may  be  mistaken  for  weak,  small, 
thready  pulse-waves,  which,  of  course,  do  occur  with  them,  for  obvi- 
ous anatomic  reasons,  and  not  because  of  diminished  heart  jMiwer. 
Hence,  as  Cabot  points  out,  it  is  iintJOrtant  to  dLslinguLsh  such  a 
amall  pulse-wave  from  a  really  weak  pulse.  The  wiry,  contracted 
artery  of  chronic  lead-poiwoning,  etc.,  may  more  readily  be  palpated 
))etween  the  pulse-beats  because  of  its  resistant  qualities. 

The  normal  physical  condition  of  the  arterial  walls  gives  the  pal- 
pating finger  the  feel  of  re.-<Llieticy  or  elasticity  with  slight  or  moderate 
pressure.  It  slunild  be  remarked,  howeviT,  that  in  nmniiig  the  finger 
along  tlic  artery  it  is  difiifiilt  to  feel  between  pulsations  except  in  a 
very  thin  wrist,  becaust;  iif  tlic  fact  that  the  normal  walls  are  soft  and 
yielding  as  well  as  cbistic. 

The  prinfipaj  ahiiurmalilii  is  due  to  ntlieniinalims  degencralion 
and  lliickening,  which  give  rise  to  tortuosity,  Juiriiiiess,  rigidity,  and 
varicosity  of  the  walls.  Tlie  discovery  of  one  or  more  of  these  signs 
in  the  radial  arlcrv  is  ciinfinnalory  of  a  «idcly  distributed  arlerh- 
sclerosis  of  the  pcripjieral  arteries,  and  usually  o!  some  liyix'rtrophy 
of  the  left  ventricle.  The  radial  may  simiily  feel  unduly  firm  and 
stiff,  with  little  or  no  torlui>sity,  as  a  result  of  fibrous  thickening, 
and  miiy  Ihns  !«.■  rollwl  under  the  fingers  like  a  cord.  Sometimes 
several  inche;-  of  llie  artery  nmy  be  traced  tip  the  forearm,  the  pulse- 
wave  passing  under  the  fingers  as  a  distinct  worm-like  movement. 
When  the  iirlerv  feels  varicose  or  -■  lieaded,"  as  if  girded  at  short 
intervals  with  Inird  rings,  lyiln/iration.  or  (he  deposit  of  litne  salts, 
is  present.  Stri.lly.  the  varicosities  arc  due  to  llic  bellyiogs  between 
the  cideified  .(.iHlvicliniis.  In  iiggraviitcd  rases  tlic  calcification  is 
so  dilfuse   and    the   hardening   so  eontinnuus  as  to  give  rise  to  the 
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weU-known  tenn,  ''  pipe-stem  arteries."  Here  the  pulse  may  be  prac- 
tically obliterated,  so  as  to  cause  the  artery  to  simulate  a  tendon. 
Hardening  of  the  arteries  must  not  be  confounded  with  increased 
tension  of  pulse  (see  later). 

(2)  Arterial  Volume,  or  the  Blood-Supply. — This  may  be 
estimated  by  palpating  the  artery  at  its  systole — that  is,  between  the 
pulse-beats — as  in  the  ease  of  the  vessel  itself.  Indeed,  the  sense  of 
fulness  which  the  radial  may  possess  is  very  like  that  of  its  caliber, 
with  this  difference,  that  wlietlier  the  artery  be  large  or  small,  its 
sense  of  fulness  is  accompanied  by  a  greater  resistance  or  tension  than 
otherwise.  A  full,  artery  {artfrin  plena)  is  to  l)e  discriminated  from 
a  full  pulse,  and  a  comparatively  empty  artery  (arteria  vacua)  from  an 
empty  pulse;  as  a  high-tension  ])iilse.  witli  small  wave  amplitude, 
may  yet  occur  in  a  full  artery,  and  a  full  pulse  is  often  felt  in 
certain  wasting  diseases  where  the  actual  blood-supply  is  markedly 
deficient. 

The  pathologic  states,  then,  which  give  rise  to  these  two  types  of 
arterial  fulness  are  three:  {a)  abnormal  quantity  of  blood,  either 
plethora  or  anemia;  {h)  degree  of  cardiac  power,  strong  or  weak; 
(c)  resistance  in  the  arterioles,  great  or  slight,  arteriosclerosis  and 
chronic  interstitial  nephritis  l)eing  examples  of  the  first,  especially 
in  the  early  stages,  the  relaxation  of  malnutrition,  chronic  wasting 
diseases — as  cancer — some*  acute  febrile  diseases,  and  aortic  incompe- 
tency, examples  of  the  second. 

(3)  CirAUACTEU  OF  TiiK  PuLSE. — Ordinarily  the  pulse-waves  are 
studi(Mi  first  (and  these  counted  })er  unit  of  time),  the  preceding 
points  being  left  until  later.  There  shcmld  he  noted:  (a)  The  rate 
OT  frequency;  (b)  the  rhythm  or  regularity;  {c)  the  quality  or  char- 
acter; (d)  the  symmetry. 

The  normal  pulse,  obviously,  has  all  of  these  elements,  individually 
correctly  developed  and  collectively  relatively  balanced.  In  short, 
the  pulsations  should,  to  be  normal,  have  a  rate  variable  only  within 
certain  limits — a  regular  rhythm — and  a  moderate  and  uniform 
volume,  force,  form,  duration,  and  tension  or  sustained  pressure. 

(a)  The  Rate  of  the  Pulse. — The  normal  pulse-rate  varies  within 
certain  limits,  and  according  to  certain  influences  to  be  mentioned 
shortly.  The  average  frequency  in  the  adult  male,  however,  is  72 
per  minute;  in  the  female,  about  71,  although  many  women  have  a 
normal  rate  of  78  or  80  pulse-beats  per  minute.  The  personal  idio- 
sj'ncrasies  ordinarily  met  with  cause  a  pulse-rate  seldom  under  60  or 
over  80  in  those  of  middle  life.    In  the  youngest  infants  the  pulse 
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freijuKiey  is  normal  at  about  140  beats  to  the  minute;  when  one  year 
oi  age,  180  to  130;  at  three  yearn,  100;  at  the  Hfth  aiid  sixth  years, 
from  90  to  95.  The  normal  pulse  is  quite  siLseeptible  to  acceleration 
from  exertion,  exciteruent.  anxiety,  and  other  emotional  states,  after 
meals,  during  the  later  hours  of  the  day,  in  hot  weather,  in  the  erect 
attitude,  after  forced  breathing,  etc.  The  pulse-rate  may  be  normally 
slow  as  a  congenital  condition,  in  old  age,  and  immediately  after 
childbirth. 

It  is  not  within  the  province  of  this  book  to  enumerate  even  the 
ninltitude  of  pathologic  conditions  of  which  increased  or  dwrcascd 
frciiueney  of  the  pulse  is  syiuploiiiatic:  the  fevers,  inflammations, 
iiitoxicaliuut),  neuroses.  degcneratiouH,  and  various  functional  and 
organic  alTet^tinns  of  ihe  cerebrospinal  system,  thorax,  abdomen,  and 
so  on.  it  wilt  suffice  to  point  out  briefly  the  cardiac  disorders  which 
cause  nbnonuul  pulse-rates. 

(i)  Increased  Frequency  (PuIhuk  frer/uens). — The  pulse  may 
be  increased  in  frequency  in  all  forms  of  valvular  disease  except  in 
aortie  stenosis;  in  cardiac  weakness  or  dilation  (heart-failure),  from 
whatever  cause;  in  the  cardiac  neuroses,  such  as  nervous  palpitation 
,  from  tobacco,  te&,  alcohol,  and  Teneroal  ezcesses,  exophthalmic  goiter; 
'  and  in  paralysis  of  the  vagus  or  irritation  of  the  sympathetic  nerves 
or  of  llie  iutniciirdiao  fiangliii.  The  various  fonus  of  i^iniple  increase 
of  rapidity  of  llie  lieurt,  with  c-orresj)oiKiing  pulsc-ratc,  are  included 
under  llie  lenii  ttirhiimnUn.  K\lremdy  rii|iid  pulse  is  a  clinracter- 
istii*  of  those  more  c-scntiiil,  sudden,  alurniinj:  attacks  known  as  a 
paroji/smiil  Imliifriinliii.  liistlnij  from  a  few  minutc;-  to  several  days. 
The  |iulse-rate  Tiiay  fio  as  liiffb  as  200  jwr  minule,  or  even  more. 
This  iiirection  may  Ih;  due  to  coriuiary-arU'rv  disease,  or  to  areas  of 
necrosis  in  the  myociirdiiini.  Similarly,  in  iinj,'iiui  ]iectoris  there  is 
decided  increase  in  pulse-ralo  frii|uency.  The  pulse  also  reflects  the 
cardiac  condition  as  afleclcd  by  various  thoracic  and  abdominal  dis- 
ciiscs,  by  aiuTiiia,  tuberculosis,  rheumatoid  arthritis,  etc.  In  the 
ohri'iiie.  a]iyre\iid  di-^enscs  of  Ihe  heart,  when^  the  valvular  and  myo- 
cardial le,-ions  |.rcdc.niinate,  tlic  rate  of  the  pulse  varies  from  SO  to 
1-JO  beat,  pern,  inule. 

( ii )  I leeivii-ed  Frei]ueuey  ( /'»/.<».-■  raniy) .—Abnormally  slow 
pulse  is  the  direil  result  of  slow  'iwwi—hmih/nirdin  or  hmrhijeaTdin 
—or  a  rnlr  w-wMy  below  W.  It  >lionld  be  remcmbercM  that  the 
pulse  may  I"'  ii[>riii,illy  infieijiimt  as  a  jjcr-^onnl  idiosynerasy,  or  even 
a  family  <li;n;iilrri-^lii'.  A  rate  of  ID  or  under  is  jreneral'ly  consid- 
ered  i>i  wry  L!rn\e  ^i^'nilieiiiiee.      In  an  eblerlv  woman  with  cardiac 
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dilation  due  to  mitral  insufficiency,  a  fatal  attack  of  influenza  super- 
vening, I  noted  a  pulse-rate  of  2i)  beats  per  minute.  In  fact,  during 
the  prevalence  of  severe  influenzal  epidemics  in  the  last  decade  of  the 
nineteenth  century,  bradycardia  was  a  frequent  complication  and 
temporary  sequel. 

Among  the  other  niahulies  which  arc  chiefly  responsible  for  the 
bradycardia!  origin  of  slow  pulse,  the  following  may  be  mentioned: 
(a)  Cardiac  disease,  such  as  atlVcts  princi])ally  the  myocardium — 
fatty  degcMieration,  especially  when  <lue  to  atheroma  of  the  coronary 
arteries;  chronic  fil^roid  myocarditis,  and  sclerotic  stenosis  of  the 
aortic  orilice.  (h)  Iiu-n^ased  arterial  tension  and  resistance  from 
poisonous  substances  circulating  in  the  blood  and  affecting  the  car- 
diac centers  or  ganglia,  as  in  auto-intoxication  from  chronic  digestive 
disorders,  jaundice  of  hej)alic  origin,  chronic  HrightV  disease  (chronic 
uremia)  ;  also  from  chronic  K^ad,  alcohol,  and  illuminating-gas  poison- 
ing, (c)  Cerebral  and  meningeal  diseases  which  increase  tlie  intra- 
cranial pressure,  and  conse(juent  irritation  of  the  vagus,  as  tumors, 
effusions,  hemorrhages;  or  there  may  be  peripheral  pressure  upon  this 
nerve  or  the  cervical  cord  from  tumors,  injuries,  and  the  like,  (d) 
Essential  bradi/rardia^  a  persistent  condition  for  years,  supposed  to 
be  w^ithout  anv  definite  lesion,  but  often  reallv  due  to  sclerosis  of  the 
coronary  arteries,  or  perhaps  of  the  niedidlar  arteries  al)out  the  vagus 
center.  When  associated  with  epileptiform  attacks  the  condition  is 
known  as  the  Stokes-Adams  syndrome,  (e)  Myxedema,  melancholia, 
the  convalescent  stage  of  the  acute  infectious,  febrile  diseases,  asth- 
matic paroxysms,  and  inanition  may  all  cause  infre(juent  j)ulse.  Care 
should  be  exercised  not  to  mistake^  an  intermittent  for  a  slow  pulse 
because  of  the  untransmitted  j)ulsations.  This  error  may  be  avoided 
by  auscultating  the  heart  simultaneously  with  radial  pal])ation. 

(h)  Uhjitltm  of  the  ]*ulsr. — The  normal  ])uls(»-waves  succeed  each 
other  with  complete  regularity  in  respect  to  time  of  contact  with  the 
finger  and  of  interval  between  the  waves;  also  in  respect  to  force  and 
other  qualities  pertaining  to  the  successive  beats.  Again,  however, 
we  meet  with  individuals  occasionally  whose  pulse-beats  manifest  slight 
irregularities  of  rhvthm,  but  in  whom  not  the  least  evidence  of  cardiac 
or  reflex  origin  is  discoverable.  Xevertheless,  it  may  be  found  some 
time  that  these  a})parent  idiosyncrasies  may  prove  to  be  congenital, 
autotoxic,  or  neurotic  in  causation.  Physiologic  deviations  may  occur 
in  old  age,  after  severe  exertion,  and  during  intense  mental  excite- 
ment.    I  have  observed  in  several  persons  a  slight  acceleration  near 

the  end  or  just  after  the  height  of  the  inspiratory  act  for  two  or 
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three  beats,  the  rate  subsiding  during  tlie  pause  Iwtween  the  rcapira- 
tions — a  sort  of  regular  irn.'guJarity. 

Arhylkmia  signifies  virtually  a  disturbajiee  of  the  nen*ous  mech- 
anism governing  the  automatic  contractions  of  the  heart.    The  causes 
of  such  deranged  innerration  may  be  groupetl  into  two  classes:  those   , 
which  produce  intermitienaj  of  the  pulse  and  those  which  produce 
specific  irregvlariiy. 

Intermittent  pulse  {putnus  inifrmitlens,  or  deficiens)  means  one 
dropped  beat  at  certain  intervals,  which  may  be  regular  or  irn-gular. 
That  is,  the  heart  may  skip  a  beat  after  two  contractions  {puhut 
bi)/emmv»},  or  after  three  {pultus  trigeminvs),  in  regular  sequence; 
or  the  intervals  of  pulsations  may  range  from  three  to  twenty  or  more 
— Beven,  then  four,  then  ten.  and  so  on  irregularly  with  the  inteniiia- 
sionfl.  When  the  inlei'niission  is  due  to  a  real  pause  in  the  cardiac 
action,  it  is  termed  a  rlfficii-n.t  pulst;  when  due  simply  to  an  occasional 
weak  contraction  of  the  heart  (determined  by  auscultalion),  as  an 
intfrmittfns  pulse.  Closely  related  to  the  deficient  and  intermiltent, 
the  bigeminal  and  trigeminal  pulses,  and,  as  Vierordl  says,  standing 
somewhat  between  these  and  complete  irregularity,  is  the  intercalated 
or  intercurrent  pulse  (pulsus  inierddens).  It  is  an  appended  instead  , 
of  a  suspended  pulsation,  suddenly  and  immediately  following  two  or 
more  regular  iiulsiilions.  Ihe  hist  one  of  which  may  be  slightly  weaker 
than  the  oilier  ones,  and  itself  followed  by  a  sligiil  but  distinct  pause. 
This  lype  of  pulse  is  usually  the  evidence  or  prcmoiiilion  of  serious 
myocardial  weakness. 

Suspended  or  intermittent  pulse  is  not  characteristic  of  any  disease 
or  condilion,  and  may  be  present  without  any  subjective  knowledge 
by  the  patient  as  affecting  bis  health.  It  may  lie  habitual,  a  consti- 
tutional peculiarily,  or  the  nuinifcstation  of  a  neurosis,  or  of  cotri'e, 
tea,  tobacco,  or  digitalis  intoxication.  It  may  disappear  during  (ever 
or  temporary  acceleration  of  the  heart  from  various  causes.  Prac- 
tically it  is  never  as  sitIous  a  sign  a-?  true  irregularity,  and  yet  does 
accompany,  snmelimcs,  such  organic  comlitions  as  valvular  disease, 
es]n,iiully  rjiitral.  and  chronic  myocarditis,  with  the  jiatient  at  rest, 
but  is  apt  t"  turn  lo  genuine  irregularity  with  the  patient  about  and 
under  tbe  stress  of  broken  ciimpensation. 

Irri'i/tiliir  i)iilyc  {piilxits  IneqiuiltK),  Iutc  doiilt  wilb  as  lo  time  or 
as  a  true  iirbytliniiii.  iicrluin-!  also  lo  i|Uiility,  iiieluding  volume  and 
force  or  |iM-ssiire  of  pulsc-wavc.  lo  be  deserilicil  ^hnpily.  It  is  charac- 
terized by  ii-n-ularity  of  iiil'-rnil  beHvivn  lb.'  sucession  of  pnlsa- 
tions,  and  of  liie  n>lr  or  ra|)idily  of  iheir  smve^^i.m.     Tbat   is,  tbe 
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time  between  some  of  the  pulse-beats  differs  and  varies  in  length 
from  others,  or  they  may  follow  each  other  in  fast,  and  again  in 
slow  time. 

Although  a  pulse  of  irregular  time  may  occur  in  some  elderly 
persons  of  apparently  good  health,  in  infancy  and  at  puberty,  after 
overexertion  or  dissipation,  in  the  majority  of  cases  it  probably  means 
myocardial  degeneration,  with  or  without  mitral  (especially  stenosis) 
or  aortic  disease,  sclerosis  of  the  coronary  arteries,  or  some  grave 
involvement  of  the  nervous  cardiac  mechanism  from  toxemia — diph- 
tlicric,  alcoholic,  theic,  diabetic,  theraj)eutic  (digitalis),  uremic,  etc. 
In  the  variety  of  arhythmia  known  as  tremor  or  delirium  cordis,  a 
part  of  the  irregularity  is  due  to  a  paroxysmal,  rapid  fluttering  action 
of  the  heart  reflected  in  the  pulse  action,  and  may  be  found  associated 
with  syncope,  gastro-intestinal  disorders  in  which  flatulence  is  an 
aggravating  symptom,  and  with  the  later  stages  of  fatal  cardiac  con-: 
ditions,  especially  the  myocarditic  in  gouty,  obese,  and  atheromatous 
subjects. 

(c)  The  quality  of  the  pulse  really  embraces  the  most  important 
and  diagnostically  significant  of  the  phenomena  to  be  palpated.  Thus 
we  study  (i)  the  force  or  compressibility;  (ii)  the  volume  or  size; 
(iii)  the  tension  or  elasticity;  (iv)  the  shape  or  form  of  the  pulse- 
wave;  (v)  the  equality  or  regularity  of  the  pulsations  as  to  these 
attributes. 

(i)  The  force  of  a  pulsation  is  an  index  of  heart  strength,  as 
tension  (iii)  is  of  arterio-capillary  resistance.  It  is  determined  by  the 
degree  of  finger  pressure  required  to  obliterate  the  pulse-wave.  The 
technic  is  as  follows:  Palpating  with  two  fingers,  the  index  and 
middle,  while  pressing  moderately  and  steadily  with  the  proximal 
finger  (nearer  the  heart),  with  the  other  (distal)  the  force  or  com- 
pressibility is  estimated.  If  with  such  pressure  the  pulse-waves  are 
obliterated,  the  pulse  is  spoken  of  as  weak  or  compressible;  if  dis- 
tinctly felt,  as  strong  or  incompressible. 

Allowance  must  be  made  in  those  having  wrists  well  padded  with 
fat,  as  the  pulse  strength  may  be  quite  normal  in  fact,  although  more 
easily  obliterated  by  moderate  external  pressure. 

Abnormal  increase  in  the  force  of  the  pulsations  of  the  radial, 
which  may  be  temporary  or  chronic,  indicates  exaggerated  ventricular 
systole,  and  therefore  the  muscular  power  and  activity  of  the  heart — 
usually  an  hypertrophy. 

On  the  other  hand,  muscular  cardiac  debility  is  indicated  by  a 
compressible  pulse,  as  is  foiind  in  fatty  degeneration  and  dilation. 
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As  the  actual  strength  of  the  p«lse-wave  is  closely  related  to  and-  ] 
conditioned  by  the  artfrial  tension,  practically  llie  estiiimtion  of  the 
force  or  compressibility  must  culminate  in  a  balanced  judgment  upon 
a  careful  consideration  of  the  two  factors — cardiac  and  vascular — in 
combination.  Of  course,  the  greatest  degree  of  intraradial  pressure 
will  be  note*!  where  hypertrophy  of  the  left  ventricle  ajid  intrinsic 
hypertension  of  the  arterial  walls  exist  together.  The  force  of  the 
pulsations  is  but  slightly  dependent  upon  the  amount  of  blood  in 
the  arteries. 

A  difference  in  the  strength  of  the  radial  pulse  as  the  arms  are 
raised  and  lowered,  comparing  one  side  with  the  other,  as  pointed 
out  by  Sorgo,  may  be  indicative  of  traction  upon  the  subclavian  artery 
by  the  pathologic  apex  of  a  tuberculous  lung. 

(ii)  The  nizc  of  a  pulse-wave  {volume  of  the  pulse)  also  depemls 
ujmn  the  two  factors  mentioned  just  before,  namely,  the  force  of  the 
myocardial  systole  and  the  tension  of  the  arterial  walls.  The  ampli- 
tude of  each  pulse-wave  is  estimated  by  the  amount  of  diametric 
expansion  palpated:  this  may  lie  large,  medium,  or  small, 

Laryi-r  piilie  {pulsus  magmis)  than  normal  may  be  associated  with 
I  plethora,  hypertrophy  of  the  left  venthclo,  ajid  relaxed  eoaditioos  ot.^ 
"  the  arterial  walU,  The  large  pulse  is  observed  best  in  cases  of  cardiac 
hvpcrtrophy  iu-conipiiniod  witli  soft.  tiir;^'e,  weak  walls  of  Ihc  vessels. 
This  may  ofli'n  be  found  in  eases  of  mirl'M:  inriiiiip'-(''n<!i,  where  llic 
loft  vcniricio  is  usually  enormoiisty  enlarjiud  iiiul  the  arleriaj  walls 
flabby  and  relaxed.  Two  exceptions  to  the  influence  of  cardiac  hyper- 
trophy ujKin  the  size  of  the  pulse-waves  should  be  noted.  In  mltra] 
TdijiirijUnlion  the  pulse  may  be  medium  or  small  in  volume,  notwith- 
standing the  hviwrtrophv,  lK>causc  with  each  systole  part  of  ihc  hloiid 
in  the  left  ventricle  Icjdvs  back  into  tlu'  left  auricle.  Again,  in  aorlic 
stenosix,  the  narrowed  orifice  jirevents  even  the  bypertrophied  ventricle 
from  forcing  the  normal,  full  vohnne  into  the  aorta.  Abnormally 
large  pulse  is  also  observed  in  many  febrile  conditions  {houtttliiiij 
pulse) ;  tcniporarily  froiu  the  debilitating  ctfccts  of  hot.  humid 
weather,  inid  in  some  persons  ufTecled  with  obesity,  tuberculosis,  etc.. 
JK'fore  dciidi'd  liinliiic  weakness  has  sniiervencd. 

Abnormiilly  MjMf//  jiiil.ti'  (piilxu-i  p/n-nis)  oicnrs  in  eases  of  cardiac 
weakness  arnl  ennstriclion  of  ibe  arteries.  Ry  contrast  wilh  large 
pidse.  this  has  alri'.idy  been  referred  ti>  in  connection  with  aortic 
stenosis  an.l  niitrni  ngnrgilalion.  In  unlral  .<h;i:^i^  we  have  a  small 
pulM'  Iieeiiu-^e  of  inahtlily  of  a  sufficient  (piantity  of  blood  entering 
the  loft  ventricle  io  be  propelled  into  the  iioriii.  and  the  weak,  atrophic 
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condition  of  the  ventricle  itself,  due  to  this  very  fact  of  lack  of 
stimulus  and  work,  and  the  consequent  partial  disuse.  A  small  or 
'^  thready  ^'  pulse  may  be  associated  with  aneurism  of  the  aorta,  with 
chronic  Bright's  disease  and  acute  peritonitis,  and  in  inanition.  It  is 
usually  an  accompanying  phenomenon,  also,  of  the  form  of  arhyth- 
mia,  described  before,  known  as  the  trembling  or  delirious  pulse 
( puhiis  trem  iihis ) . 

The  size  of  the  pulse-wave  has  no  necessary  relation  to  the  force 
or  intravascular  pressure.  A  strong  pulse  is  not  necessarily  a  large 
one,  as  the  arteries  may  be  contracted  and  resistant;  nor  is  a  weak 
pulse  necessarily  a  small  one,  as  a  full,  large  pulse  may  be  associated 
with  marked  feebleness  of  cardiovascular  tone. 

(iii)  Tension, — By  this  term  is  meant  the  feeling  of  pressure 
communicatiMl  to  the  fingers  by  the  blood  through  the  arterial  walls. 
It  includes  the  estimation  of  the  pressure  between  the  beats  as  well 
as  the  j)iilsations  themselves — that  is,  the  diastolic  as  well  as  the 
maxinniiu  or  systolic  pressures  (corresponding  to  the  systole  and  dias- 
tole of  the  arteries,  respectively).  Practically,  this  character  of  the 
pulse  is  observed  in  the  same  manner  as  tlve  force  of  the  heart  action 
is  judged — by  noting  the  degree  of  compressibility.  Therefore,  we 
speak  of  two  deviations  from  the  normal  tension  or  tightness  due 
to  intravascular  pressure:  the  hard  pulse  (pulsus  durus)  and  the 
soft  pulse   (pulsus  mollis). 

In  estimating  the  tension,  care  must  l)e  exercised  in  discriminating 
it  from  either  the  sclerotic  hardening  of  the  arterial  walls,  on  the 
one  hand,  or  the  fatty  atheromatous  softening,  on  the  other;  the 
arterial  walls  must  be  considered  apart  from  the  actual  blood  pressure 
from  within,  and  its  independent  effects  upon  them.  Considerable 
practise  is  necessary  before  skill  is  attained  in  properly  and  efficiently 
gaging  the  pulse-tension.  For,  although  instrumental  aids  are  avail- 
able for  scientific  and,  occasionally,  hospital  work,  in  99  out  of  100 
cases  the  fingers  must  remain  the  most  convenient,  sentient,  and 
practically  trustworthy  agents. 

Instruments. — Right  here,  the  apparatus  used  as  diagnostic  aids 
in  studying  the  blood  pressure  may  be  referred  to  briefly,  the  student 
obtaining  further  information  and  details  in  works  on  physiology 
and  general  medical  diagnosis. 

The  Sphygmomanometer. — Blood  pressure  instruments  have  been 
constructed  along  two  different  lines:  one  aiming  to  eliminate  the 
subjective  factor  by  a  simple  instrument  accurately  and  graphically 
recording  the  blood  pressure,  the  other  to  obtain  the  systolic  or  maxi- 
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mum  blood  pressure  simply  by  exerting  BufBcient  instrumental  pres- 
sure to  obliterate  the  difital  pukatioDs.    In  the  latter  method,  t.  Basch 
invented  the  first  instrument  of  any  value,  although  not  scientifically  I 
accurate,  and  yet  useful,  perhaps,  in  aiding  along  lines  of  indications  ' 
and  results  of  treatment  (C,  E.  Brush,  Johns  Hopkins),    The  former 
method  is  esemplifitd  in  the  instrument  of  Roy  and  Adami,  in  1890. 


!<■  Anliiii 


^  (■„.) 


Of  llu!  V.  Easeli  tv|n>.  tliu  most  tommouly  iisi'd  sphygmomanometer 
is  tiie  l{iva-l{occi.  It  c-oiisisis  in  tlie  application  tn  the  middle  of  the 
upper  arm  of  a  ailf  like  a  pneumatic  tire,  ahout  ]■.'  cm.  wide  (a;" 
improved).  This  is  connceled  with  a  mercury  manometer  liy  a  piece 
of  riihher  lulling,  to  which  is  also  joined  simihirly  a  rnltlfcr  hand 
bulh.  thus  foniiiiig  a  clost'd  sysloin.  "The  pressure  is  raised  hy 
compressing  llie  hull)  until  the  radial  pulse  can  no  longer  he  felt, 
when  the  heij;lit  of  the  column  of  mercury  in  the  maiiouieter  will 
reprc-ciit  Ihc  ]iressurc  nccc-sury  to  ovi;rc<>nic  tlie  pressure  of  the  blood 
in  (he  artery,  or.  in  other  w>r-ls,  the  lilood  pressure'"  (.Musser). 

By  the  metlinds  of  Krlangcr  and  Strasslnirger,  nmro  scientific  and 
satisfactory  results  may  lie  olitiiined.  in  that  holli  the  systolic  and 
diastolic  pressures  arc  s,-ra|ihically  recorded.  The  curiihcrsomencss  and 
cxiKinsivciics^  (if  these  inslruinrnts  arc  the  principal  ohjeetions  to  their 
use  by  llie  geiicnd  praetitioiuT. 
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ing  the  sustained  pressure  within  the  arteries.  Although  more  oon- 
venient  to  use,  it  is  inaccurate,  because  dependent  upon  too  many 
inadvertencies  of  technic,  and  the  uncertainties  of  the  subjective  cri* 
terions  of  both  patient  and  physician.  In  any  event,  both  systolic 
and  diastolic  pressures  should  be  taken,  the  difference  between  the 
two  representing  the  real  blood  pressure. 

The  Normal  Blood  Pressure. — This  varies  according  to  the  influ- 
ence of  a  number  of  physiologic  factors,  such  as  bodily  position,  age, 
sex,  rest,  exercise,  excitement,  the  taking  of  food,  the  time  of  day, 
etc.  The  tension  is  higher  in  the  erect  than  the  sitting  position,  and 
in  the  sitting  than  in  the  decubital  position.  Gennari  found,  how- 
ever, that  immediately  after  rising  from  a  reclining  posture,  in  health, 
there  was  a  slight  drop  in  the  blood  pressure.  In  fatigued  and  tem- 
porarily debilitated  conditions,  this  fall  of  pressure  on  rising  is  still 
more  noticeable,  being  marked  just  before  syncope.  The  tension  in 
adults  is  greater  than  in  children,  and  still  more  marked  in  the  aged. 
It  is  usually  a  trifle  less  in  women  than  in  men,  greater  after  physical, 
mental,  social,  and  emotional  exertion  and  excitement,  a  full  meal,  and 
during  the  most  strenuous  working  hours  of  the  day.  Generally,  the 
average  normal  blood  pressure  may  be  stated  as  about  120  mm.  of 
mercury  in  the  manometer.  Below  110  mm.  and  above  160  mm.  Hg 
are  considered  abnormal  pressures,  the  comparison  being  made  with 
the  subject  at  rest. 

Or  Strassburger's  "blood-pressure  quotient^'  may  be  adopted  to 
express  the  condition.  This  is  obtained  by  dividing  the  blood  pressure 
— the  clifTercnce  between  the  systolic  and  diastolic  pressure — by  the 
systolic  pressure.  Normally,  this  averages  0.25,  and  its  variations 
aid  in  determining  whether  the  changes  are  due  to  stronger  or  weaker 
ventricular  contractions,  or  to  increased  or  decreased  peripheral 
resistance. 

Pathologic  Blood  Pressures. — The  high-tension  or  hard  pulse 
occurs  when  one  or  both  of  the  two  principal  factors  are  operating — 
increased  peripheral  resistance,  especially,  and  increased  cardiac  force. 
The  pressure  of  a  large  volimie  of  blood,  as  in  plethora,  must  also 
be  considered  in  many  cases.  Whatever  the  singleness  or  combination 
of  these  causative  conditions,  the  pressure  is  at  its  maximum  during 
the  cardiac  systole.  Nevertheless,  it  is  the  pressure  or  tension  of  the 
pulse  between  the  beats,  the  prolonged  and  sustained  blood  pressure 
and  hard  pulse,  which  is  of  most  value  in  diagnosis.  For  there  may 
be  a  high-tension  pulse  which  is  accompanied  by  a  low  pressure  be- 
tween the  beats^  as  in  aortic  InsufiBciency^  thus  indicating  strong 
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cardiac  action,  but  not  increased  pcHplieral  resistance.     Indeed,  tlx 
dificovery  of  a  high-tension  pulse  is  of  direct  importance  in  the  c 

nosis  of  the  latter  fondition  a>!  its  chief  cause. 


High  l)l(Knl-|irfs.'iiiie  [lulse  is  ehjir;ioiiTJ;.lJc  in  chronic  Brighfi 
disease  and  arteriosclernsis  with  contracted  kidney:  in  gout  ani 
chronic  autotoxcniia  leading  to  arterial  atheroma;  in  chronic  lead' 
poisoning;  in   cerebral  hemorrhage    (often  very  high):  diabetes  in 
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elderly,  gouty  persons;  chronic  emphysema;  angina  pectoris;  hyper- 
trophy of  the  left  ventricle. 

A  high-tension  pulse  is  at  the  same  time  frequently  a  small  pulse^ 
and  one  in  which  the  wave  is  of  long  duration,  comparatively,  in 
passing  under  the  palpating  finger.  As  the  great  value  of  diagnosti- 
cating hypertension  in  the  arteries  hinges  upon  its  application  to 
prognosis,  prophylaxis,  and  treatment,  practise  in  detecting  it  in  its 
incipiency  is  a  sine  qua  non  if  the  permanent,  incurable  thickenings 
of  the  arterial  walls  are  to  be  anticipated  and  avoided. 

The  low-tension  or  soft  pulse  requires  but  slight  pressure  from 
without  to  obliterate  it.  It  feels  as  collapsible  as  if  the  artery  were 
filled  with  gas.  Because  of  the  relaxed,  non-resistant  state  of  the 
vascular  walls,  the  pulse-waves  are  usually  high  from  free  expansion 
with  each  ventricular  systole.  But  if  the  heart  is  simultaneously  weak 
and  the  d}Tiamic  quantity  of  blood  in  the  arteries  small,  the  latter 
may  seem  small  and  contracted,  and  yet  manifest  a  low-tension  or 
"  running  "  or  "  gaseous  '^  pulse,  so  that  the  artery  between  the  beats 
becomes  practically  impalpable. 

Dicroiism  is  a  characteristic  feature  of  the  soft,  compressible 
pulse,  wherein  the  main,  distinct  wave  is  immediately  followed  by  a 
slight  secondary  recoil  wave.  This  is  a  common  sign  in  t3rphoid 
fever,  sonic  cases  of  neurasthenia,  anemia,  and  other  forms  of  marked 
debility,  and  in  aortic  regurgitation,  owing  to  the  sudden  fall  of 
blood  pressure  as  soon  as  the  ventricular  contraction  ceases.  The 
dicrotic  pulse  may  not  be  detected  in  extreme  rapidity  of  the  heart 
action. 

The  pulse  of  low  tension  may  be  an  accompaniment  of  many  of 
the  cardiac  affections  where  myocardial  incompetency  ensues.  It  may 
be  found  in  some  persons  in  hot  weather,  and  in  others  as  a  hereditary 
peculiarity.  Gcnnari's  experience  leads  him  to  believe  that  the  fact 
that  as  in  heart-disease  the  blood  pressure  varies  very  little  with  the 
patient's  change  of  position,  neuroses  of  this  organ  may  be  differen- 
tiated, because  in  his  cases  the  pressure  became  much  reduced  when 
the  patient  sat  up,  and  the  pulse  dicrotic. 

Pulsus  Paradoxus. — ^This  is  a  variety  of  abnormal  pulse  in  which 
the  tension  and  other  qualities  are  conversely  affected  by  the  respira- 
tory function.  Instead  of  the  pulse  tension  being  heightened  by  in- 
spiration, as  in  the  normal,  in  the  paradoxical  pulse  the  tension  is 
low  at  the  end  of  inspiration,  and  likewise  high  at  the  end  of  expira- 
tion instead  of  low  in  the  normal  at  this  period.  At  the  same  time^ 
a  converse  relation  of  the  volume  of  the  pulse  to  the  respiration  is 
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obeervcil ;  that  is,  the  piil3U§  paradoxus  is  cliaraoterizetl  by  (iM'rciuiod 
volonie  during  inspiration,  and  increased  during  expiration;  indeed, 
during  a  full  and  deop  inspiration  the  pulse  may  be  so  email  as  to  ba 
hardly  fell  at  all.  This  pulse  is  usually  the  result  of  some  mechanical 
obstacle  (pulmonary  traction?)  to  the  emptj-ing  of  the  left  ventricle 
into  the  aorta  during  the  inspiratory  act.  As  such  it  is  an  Important 
sign  of  mediastinal  pericarditis  with  fibroid  adhesions,  in  which  the 
cords  or  bands  pass  from  the  sternal  region  in  such  a  manner  a»  to 
bciiid  and  constrict  the  great  vessels  near  their  roots  when  put  upon 
the  stretch  by  Die  inspiratory  dilation  of  the  thorax;  venous  engorgo- 
nient  and  reduplicated  second  sound  are  usually  associated. 

Secondly,  the  pulsus  p/iradorits  may  be  caused  by  a  condition 
which  increases  the  negative  inspiratory  pressure "'  from  changes  which 
prevent  the  free  entrance  of  air  into  the  lungs."  Thus,  it  has  Ix^n 
noted  in  stenosis  of  t!ie  larger  air-passages,  and  is  the  more  marked 
BS  there  is  accompanying  feebleness  of  contractile  heart  power. 
may  also  occur  in  simple  pericardial  effusion,  adhesive  pericanlitia, 
and  in  some  instances  of  large  pleural  effusion. 

As  systolic  retraction  of  the  lower  part  of  the  precordiuni  may 
.  accumpany  adherent  pericardium,  and  as  the  degree  of  this  aign 
'  pends  largely  upon  the  strength  of  the  heart,  we  usnally  have  an 
iiiile\  of  IJii'  latter  in  the  rclalive  prominence  of  tlio  systolic  retraction 
and  the  paiaduxiciil  jiuise,  in  invcri^e  proportion;  tliat  in,  the  ninro 
marked  llio  s\>lolic  relraelion  (ami  hence  the  stronger  the  heart) 
the  h'ss  riiiirki'<i   llie  pulsus  paradoxus. 

(iv)  'rite  .s/i.'/"'  Ill'  ihe  piilsi-wavu  iiiiiv  be  judged  by  the  palpating 
tiugcr;  thus,  wliedier  it  he  short  and  sharp,  or  <iiii<k  in  the  sense  lluit 
each  individuiil  wiive  eontai'l  has  a  brief  dunilion,  a  sudden,  (juick 
rise  and  fall,  or  whether  the  wave  has  a  slow,  gradual,  prolonged 
rise  and  fall.  'I'lu'  hitler,  or  slvtv  pulse,  U  the  puhus  tardus;  the 
former — i|uick  pulse— the  pulsus  crier.  Again,  to  avoid  misunder- 
standing and  confusion,  these  accepte<l  terms  are  to  l»e  distinguisheil 
from  lliosi'  imlivniing  an  exaggeratwl  or  diminished  number  of  pulse 
beats  per  unit  c.f  lime,  namely,  the  lenns  rrci]uent,  infrwpient,  rapid, 
ami  s"  "II :  wheiciis  here,  <piick  and  slow  pertain  exelusively  to  the 
duration  and  i-baraeler  of  impact  of  the  imliviilual  waves,  and  ibeir 
manner  of  asi'cnl  and  descent. 

^pli>l'.l""".l''"!'l'!l- — F'"'  luirjioscs  of  ai'iiiracy.  >ta(ly.  reeoRling,  and 
n'ferenee.  ibr  Inrm  and  >iiiTi's-ion  of  llie  pnl-ali"tH  may  be  repre- 
si-nliil  graptiiialh  lir  nieans  of  an  inslrumenl — tbi'  ■iphiii/iiiiii/nipli — 
ivell  km.HN  til  ^Imiunlj  in  the  pbyfiiilogje  labonilory.     The  spbygmo- 
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graph  records  not  only  the  shape  of  the  pulse-curve  for  minparison 
with  othtT  tracings  and  with  the  palpatory  signs,  but  affords  an  idea 
of  other  elements.  It  gives  a  clear  exhibition  of  the  arhythmic 
pulse,  and  of  inequalities  of  volume,  force,  and  tension.  It  depicts 
smaller  waves  or  oscillations  that  ordinarily  are  too  fine  to  be  notice- 
able to  the  palpating  finger,  although  it  is  true  that  these  may  have 
little  or  no  decided  diagnostic  value.  Doubtless,  however,  were  sphyg- 
mographic  tracings  taken  oftener,  and  studied  generally  with  the 
assiduity  given  in  the  interpretation  of  Rbntgenograms,  the  skill  thus 
developed  might  find  graphic  meanings  of  accuracy  and  larger  use- 
fulness. 

There  are  almost  as  many  forms  of  the  sphygmograph  as  of  the 
stethoscope,  but  the  ones  in  common  use  are  practically  improvements 
upon  that  devised  by  Marey,  such  as  Landois's,  Sommerbrodt's, 
Mahomed's,  Richardson's,  Dudgeon's,  the  last  named  being  one  of 
the  best.  Although  of  hut  limited  and  merely  supplemental  value 
in  actual  diagnosis,  the  sphygmograph  is  so  well  known  to  the  average 
student  and  physician  that  a  description  of  the  mechanism  and  the 
tochnic  of  its  application  is  omitted  here,  attention  Ijeing  directed 
merely  to  the  understanding  and  significance  of  the  tracings. 

Normal  Piihe  Tracing. — The  interpretation  of  the  normal  i^phyg- 
mogram  is  comparatively  easy  when  one  notices  that  there  are  but 
two  main  trends  to  the  curve  representing  each  individual  pulse- 
wave,  namely,  the  sudden,  nearly  vertical,  uninterrupted  stroke  of 
ascent,  indicating  the  rise  of  pressure,  and  the  gradual,  oblique,  un- 
dulating stroke  of  de-icrnt — the  line  of  fallutg  prcmtre.     The  former 


(Gibaoii  HQd  Rttsnell.) 


line  is  known  as  the  percussion-wave,  and  ends  at  Ihe  apes  curve. 
It  corresponds  to  the  sudden  distending  wave  of  blood  pressure  set 
up  by  the  left  ventricular  contraction  which  drives  the  blood  into 
the  aorta.  The  descending  limb  represents  a  quick  initial  fall  of 
pre.fNure,  exaggerated  somewhat  by  the  fall  of  the  recording  lever  of 
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the  instrument,  which  has  heen  thrown  too  high  by  the  distending 
impLil^o,  followed  hy  the  pi-fdicrolic  or  tielal  wave,  which  is  l»elieved 
to  be  cflnBed  by  the  fullest  flow  of  blood,  or,  se  by  Roy  and  Adami, 
the  completion  of  the  intmventriniiar  pressure  ("outflow-remainder 
wave").  A  second  wave  of  intt'rruption  in  the  descending  limb  then 
follows,  known  aa  the  dicrolic  or  rrroil  warf.  This  represents  the 
reflwlod  wave,  probably  from  the  peripiierj,  due  to  the  sudden  check- 
ing of  the  column  of  blood  against  the  aortic  valve  and  the  slight 
increase  of  pressure  in  the  elastic  arterial  tul>e  at  the  moment  of 
oscillation.  Occasional  very  slight  oscillation  waves  may  be  noticed 
bdow  the  dicrotic  wave,  according  to  the  degree  of  elasticity  of  the 
radial  walls.  It  will  be  observed  that  in  the  normal  tracing  the  apex 
is  moderately  acute,  the  tidal  wave  very  small,  and  the  dicrotic  wavo 
distinctly  marked. 

Palholijijie  Pulse  Tracings.~-A  comparative  study  of  the  abnor- 
malities of  sphygmograms  Is  readily  made  by  noting  the  dcvialiona 
from  the  normal  in  the  details  of  the  curve,  taken  in  systematic  order. 
It  is  here  that  the  shape  or  form  of  the  pulse-wave,  as  delineated  by 
the  spliygmograph,  serves  as  a  diagnostic  aid  to  palpation. 

We  consider,  therefore,  tlie  meaning  of  variations  of  the  percus- 

jn-wave  or  upstroke,  its  height  and  obliquity ;  the  breadth  or  acule- 

ncss  of  Ilk'  apex;  tlie  [iroiniin'iioc  or  absence  nf  the  predierolic  and 

ilicrnlic  waves;  the  gi'uenil  character  of  the  descending  line,  and  liie 

rrgiilarily  of  ihe  base  line. 

a.  'J'lii!  l'p!'lrol.-i\ — ln<rmxfd  height  indicates  large  vnhinio.  low 
tcnsion.  and  a  sharp  systolic  cimtraclion  nf  llie  heart;  liencc  it  occurs 
in  aorlic  regurgitation  {piilxus  ci'li-r),  and  in  tlie  early  stages  of 
febrile  stales,  where  the  arterioles  are  considerably  relaxed. 

A  short  npslnike  points  to  slowness  rather  than  suddenness  of 
systole,  heighteufd  tension,  and  diminished  amplitude  of  pulse-wave, 
and  thus  is  foniid  in  suili  cniulitions  as  aortic  stenosis,  contracted 
kidney,  gout,  mitral  regurgilaliou  (moderate  tension). 

Ohiiijiiili/  of  the  ascending  or  anacrotic  lindt  is  practically  ni!  in 
the  norruid  spliyguiograni.  A  marked  aUijiiufi  bm-kivard  may  be  due 
simply  to  a  weak  ventricle,  or  niiiv  signify  aortic  obstruction,  aneu- 
rism, or  to  a  thick  layer  of  suhoiilancoiis  fat  over  the  radial  arleiy. 

On  the  lUber  hand,  when  the  traring  sliows  an  actual  iending 
ffirwtird  of  iliii  line  of  ascent,  it  means  a  ijuick  systole,  whereby  a 
large  volume  of  blowl  is  shot  into  the  aorta  siiddcidy,  with  low  ten- 
sion, and  eitiicr  a  stmng  or  weak  heart.     Tliis  is  observed  again  in 
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b.  The  Apex. — Increased  breadth  of  the  top  of  the  percussion- 
wave  indicates  a  slow,  forcible  filling  of  the  artery ;  a  strong,  hyper- 
trophiod  heart  laboriously  contending  against  increased  peripheral 
resistance  or  aortic  obstruction,  or  aneurism,  arteriosclerosis,  etc. 
Consequently  the  tension  is  also  usually  prolonged. 

Acuteness  of  the  apex  goes  with  the  signs  of  a  soft  peripheral 
circulation  (low  tension)  and  quick  initiative  of  ventricular  contrac- 
tion; therefore,  with  high  and  vertical  ascending  line,  as  in  aortic 
insufficiency. 

c.  The  Tidal  and  Dicrotic  Waves. — A  marked  tidal  wave  (pulsus 
himferiens)  points  to  the  conditions  of  high  tension — ^hypertrophied 
heart,  and  aortic  stenosis  or  thickened  arteries.  At  the  same  time 
the  apex  of  the  tracing  is  low  and  blunt. 

Small  or  absent  predicrotic  wave  indicates  a  weak  heart,  or  a 
moderate  or  low-tension  pulse  with  a  heart  of  fair  or  good  strength, 
as  in  mitral  insufficiency. 

A  marked  dicrotic  wave  is  usually,  although  not  always,  a  sign 
of  low-tension  pulse  with  strong  heart.  When  the  notch  preceding  the 
wave  of  recoil  reaches  the  base  line  it  is  said  to  be  fully  dicrotic^ 
when  it  falls  below  this  line  it  is  hyperdicrotic.  Dicrotism  is  likely 
to  be  marked  in  the  later  stages  of  depressing  fevers,  in  tuberculosis, 
and  the  like. 

Diminished  or  suppressed  dicrotic  wave  signifies  persistent  high 
(prolonged)  tension  and  forcible  left  ventricle,  preventing  the  recoil. 
It  may  be  a  negative  feature  of  tlic  sphygmogram  of  aortic  regurgi- 
tation, because  the  aortic  check  to  the  column  of  blood  at  the  begin- 
ning of  cardiac  diastole  is  more  or  less  removed. 

d.  The  Descending  Line, — There  may  be  a  general  obliteration 
of  the  normal  characteristics  of  this  line,  the  slope,  length,  waves, 
and  notches  being  totally  altered,  and  irregular  throughout.  One 
finds  these  changes  frequently  in  tlie  sphygmographic  tracings  of 
aortic  and  mitral  stenosis,  in  the  later  stages  of  mitral  regurgitation, 
and  in  atheromatous  thickening  of  the  arteries. 

e.  The  Base  Line. — This,  itself,  may  manifest  irregularities  and 
undulations,  especially  where  cardiac  disease  is  accompanied  with 
marked  dyspnea  or  Cheyne-Stokes  breathing.  Thus  it  may  be  seen 
in  mitral  obstruction,  in  chronic  Bright's  disease  with  dilated  heart, 
in  tuberculous  meningitis  and  pericarditis,  and  in  certain  instances 
of  marked  dicrotism. 

(v)  Inequality  of  the  pulse-waves  (pulsus  inequalis)  or  irregu- 
larity exclusive  of  the  element  of  time  simply  refers  to  a  complexus 
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of  abnormalitieB  of  eeveral  or  all  of  the  quality  characteristics  de-  | 
Hcrihed.  Not  only  the  frequency  of  the  putse-heata  may  Im?  irn-gular, 
but  their  tension,  force,  size,  and  duration.  Indeed,  such  inoqualitieaJ 
are  of  graver  significance  in  connection  with  Wfak  heart  than  mere  I 
arhytliniia,  although  general  irregularity  without  serious  dogencra-<iJ 
tion  of  the  heart  niay  exist  to  a  degree,  in  some  cases,  of  mitral  sten*-  1 
ek.  The  alternating  and  bigeminal  puWe,  and  the  interddens,  ars  | 
forms  of  the  puhim  inequalis. 

(d)  Symmetry. — In  the  healthy  individual,  corresponding  arteries, 
Blich  as  the  two  radials,  cervicala.  feraorals,  give  ri.-!e  to  pulse-waves 
of  like  limes  and  symmetric  qualities.  Hence,  in  order  to  determine 
llie  presence  of  local  interferences  with  the  arterial  circulation,  the 
piiliw  should  he  studied  compnmtivdy  of  the  dilTercnt  arteries  in 
the  same  person. 

The  principal  uniialrral  ahnornuililij  i«  a  delay  of  the  pul*e  on 
the  affected  side;  that  is,  on  the  side  which  thus  indicates  some  local 
obstacle  to  the  current  of  blood.  To  palpate  both  radiak,  for  ex- 
ample, and  discover  an  asymmetry  of  pulse-Impact  reiiuires  some 
psychomotor  training  and  skill,  which  may  easily  lie  acquired  by  prac- 
tise, however,  as  in  noting  the  difference  in  the  times  elapsing  be- 
tween the  carotid  and  radial,  or  the  carotid  and  dorealis  pedis  pulses 
in  the  hwiKiiy  individuid.  Besides  the  delay.  Ihcn-  is  usunlly  at  ilic 
same  time  some  weakening  and  diminul'wn  of  the  me  of  the  pulsa- 
tions, as  compared  with  the  unaffected  artery  on  the  opjmsitc  side. 
In  some  cases  the  pulse  on  one  side  may  he  quite  obliteratctl. 

In  aneurium  of  the  aortic  arch  there  may  be  a  niarkwi  intenal 
between  the  time  when  the  pulse-wave  reache.s  the  unobstructed  and 
the  obstructed  radial.  Other  caiixef  of  asymmetric  pulse  arc.  tumors 
of  the  chest  cavity,  particularly  near  the  a.xilla;  thrombosis  and  em- 
bolism; in  pleuritic  exudations  of  large  size,  and  pneunmthorax ;  in 
surgical  conditions  of  the  forearm,  and  abnormal  or  anomalouii  dis- 
tributions of  the  arteries. 

Thu^i  a  dehived,  weak,  and  small  pulse  in  the  right  radial  indi- 
cates jiiieurism  of  the  nscemlinfi  nortji  or  innominate  artery,  or  of  ihe 
presi'iice  on  Ihe  right  side  of  any  of  the  preeetling  disonlers  men- 
tioned; on  the  lift  mVc,  aneurism  of  the  dosi-ending  aorta,  especially 
near  the  junction  with  the  transverse  portion  of  the  arch,  and  similar 
lesions,  eicjilrici;il  onntractiniis,  etc.,  on  lliat  side. 

Likewise,  abnormality  of  the  pulse  in  one  or  other  femoral  or 
jTo-^lerior  tihiiil  artery  may  pnini  to  thromlius  or  embohis.  or  tumor  or 
:ini'uri-m  iiircetio''  the  abdominal  aorta. 


EXAMINATION   OF  THE  BLOOD-VESSELS        337 

Tortuosity  of  the  Aorta. — As  an  evidence  of  atheromatous  degen- 
eration, not  infrequently  a  premature  peculiarity^  one  may  detect 
through  relaxed  abdominal  walls,  as  in  women,  a  more  or  less  ser- 
pentine course  of  the  aorta  between  the  epigastrium  and  the  umbili- 
cus. At  the  same  time  the  aortic  walls  feel  stiilened  and  resistant 
to  pressure,  and  the  vessel  may  be  pushed  from  side  to  side  over  the 
spinal  column,  as  if  it  were  a  rubber  tube.  I  observed  this  most 
recently  in  a  married  woman  of  thirty-four  years,  who  had  given 
birth  to  one  child,  bas  myopic  astigmatism,  and  no  evidence  of  vas- 
cular tliiekcning  elsewhere.  Tliis  condition  has  been  well  studied  in 
Rontgenography  by  Sailer  and  Pfahler. 

AUSCULTATION 

Normal  Arterial  Sounds  and  Murmurs. — The  arteries  which  may 
be  auscultated  are,  besides  the  aorta  and  the  pulmonary  artery,  the 
carotid,  subclavian,  brachial,  femoral,  and  rarely  the  popliteal  and 
posterior  tibial,  although  it  is  customary  to  examine  the  first  two 
only  in  most  instances. 

If  one  applies  the  binaural  stethoscope  very  lightly  over,  say,  the 
right  carotid  artery,  with  the  head  slightly  extended,  one  may  hear 
two  normal  sounds,  corrcs|x>nding  with  the  cardiac  systole  and  dias- 
tole, and  synchronous  with  the  expansion  and  contraction  of  the  artery. 
The  first  sound  is  weaker  and  duller,  the  second  stronger  and  clearer. 
The  former  is  probably  partly  the  transmitted  first  cardiac  or  aortic 
sound,  and  partly  produced  independently  in  the  carotid  itself  by  the 
sudden  stretching  of  its  walls.  The  second  sound  is  simply  the  trans- 
mitted aortic  second  sound.  Not  infrequently  the  first  arterial 
sound  is  entirely  wanting,  especially  over  more  remote  arteries,  where 
the  transmissions  are  too  weak  to  be  heard.  A  systolic  sound  may  be 
audible  in  many  normal  individuals  along  the  course  of  the  abdominal 
aorta,  but  here  the  second  sound  is  usually  inaudible. 

If  the  stethoscope  is  pressed  upon  the  artery  with  sufficient  firm- 
ness, an  induced  or  pressure  murmur  is  generated.  This  may  be 
heard  over  other  large  arteries  that  are  so  situated  anatomically  as 
to  be  thus  compressible.  The  murmur  is  systolic,  and  has  a  rushing 
quality  of  sound  which  is  increased  in  intensity  as  the  stethoscopic 
pressure  is  increased  to  the  point  of  obliterating  the  normal  systolic 
arterial  sound.  There  is  no  diastolic  pressure  murmur  because  there 
is  not  sufficient  backward  movement  of  the  blood  to  create  frictional 
disturbances  and  vortices. 

24 
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Abnonnal  Arterial  Sounds  and  Unrmnn. — A  harsh  systolic  mur- 
iTiiir  rcpltttiiig  the  coiiduflftl  first  wiuml  is  heiird  over  the  carotid  in 
twrtic  stenosis.  On  the  other  hand,  in  aortic  regurgitation  the  second 
sound  of  the  carotid  and  j-ubclavian  is  wuntiug,  and  the  diaetolic 
niurmur  ia  faintly  heard,  if  at  all.  Fiirlhermorc,  in  these  artorii-s 
not  only,  but  in  some  ca-ses  in  the  brachial,  femoral,  and  even  in  the 
radial  and  ulnar,  and  the  peroneal  and  dorsalis  pedis  arteries,  singlf 
systolic  muwls  may  he  audible  mth  the  lightest  pressure  of  the  stetho- 
scope. Again,  with  considerable  pressure,  a  dmible  murmur  (Duro- 
Kiez's)  is  heard  over  the  femoral  artery  in  certain  cases  of  aortie 
insuflk-ieiicy.  The  single  sounds  are  probably  produced  by  the  sudden 
and  abuormtilly  forcibly  tense  filling  of  the  arteries  by  Ihe  biigt;, 
hyperti'o])hi(il  hfart,  at  a  time  wiieii  they  are  abnormally  relaxwl 
hecMus*'  of  centripetal  as  well  as  cciitrifiigal  emptying. 

A  d'Jiihlii  Koiind  aa  well  as  doubl«  murmur  may  be  heard  over 
the  crural  artery  in  some  eases  of  aortic  regvrgitatifin,  of  mitral 
xti-no^ia.  in  tead-poisojiing,  and  in  pregnancy  (Qerliartll),  The  sec- 
ond Eound  is  caused  by  the  sudden  collapse  of  the  artery,  with  a 
large,  quick  pulse,  Tlic  sifond  part  of  Ihc  double- pressure  murmur 
of  DnroKiez  is  attributed  to  tlie  short  rettnx  of  blood  in  aortic  insuffi- 
ciency. Theee  unbrace  the  principal  sounds  of  conduction  in  the 
arteries. 

JltEiMnts  Dvy.  to  Diskasic  ok  titk  AiiTKRi.vL  Walls. — In  the 
aorta,  roogheniiig  of  the  inner  coal  of  the  iircli.  due  to  chronic  a',rlUi:< 
in  old  men.  uiuv  jiroihice  a  murmur  audible  over  the  carotids  and 
subcbr 
the  lui 
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is  lieiird  over  a  ]>ortiou  of 

ural   artery,   for  example;  or  the  i 
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seldom   loud^   although   rarely   musical^   and   beet  heard  over  the 
carotid. 

The  Subclavian  Systolic  Murmub. — ^This  requires  separate  and 
special  consideration  from  what  references  have  already  been  made  to 
subclavian  phenomena.  •  It  is  a  fact  that  sometimes  in  health  a  short, 
systolic  whiffing  or  blowing  sound  may  be  heard  over  both  subclavian 
arteries,  usually  stronger  on  the  left  side  and  at  the  end  of  inspira^ 
tion.  It  is  best  hciird  l>elow  the  clavicle  at  its  outer  end.  When 
unilateral,  it  has  a  suspicious  pathologic  significance,  namely,  of  apical 
tuberculosis  with  pleuritic  adhesiom,  the  latter  pulling  or  bending 
the  artery,  and  thus  constricting  its  lumen  during  the  act  of  inspira- 
tion. Kven  when  of  bilateral  occurrence,  the  possibility  of  incipient 
disease,  or  of  previously  formed  pleuritic  exudation,  should  be  thought 
of;  also,  fibroid  ])hthisis  with  traction,  and  tumor  pressure. 

Murmurs  in  the  axillary  artery  may  be  due  to  pressure,  especially 
in  women  of  advanced  years,  by  cancerous  enlargement  of  the  lym- 
phatic glands ;  in  early  life,  by  tuberculous  glands. 

Systolic  murmurs  may  be  quite  distinct,  even  loud,  over  the  goiter 
(thyroid  gland)  of  BasedoMr's  disease;  also  over  the  pregnant  uterus 
(uterine  souffle).    Both  of  these  are  of  arterial  origin. 

Finally,  may  be  mentioned  the  systolic  cerebral  blowing  or  hum- 
ming heard  really  normally  over  the  anterior  fontanelle  of  infants 
between  the  third  month  and  the  sixth  year.  This  may  be  audible 
also  over  the  carotids,  and  by  Jurasz  is  believed  to  be  the  carotid 
murmur  conducted  upward,  the  artery  being  subjected  to  compression 
during  the  development  of  the  skull. 

THE   CAPILLARIES 

The  capillaries  give  color  or  complexion,  redness  or  pallor  to  the 
skin  according  to  their  fulness.  The  only  abnormal  capillary  phe- 
nomenon of  diagnostic  importance  is  the  capillary  or  subungual  pulse. 
This  consists  of  an  alternate,  rhythmic  reddening  and  paling  of  the 
pink  zone  over  the  root  of  the  finger  nail,  corresponding  to  the  quick 
and  extreme  filling  and  emptying  of  the  capillaries,  and  associated 
with  the  large  and  quick  (celer)  pulse  of  aortic  insufficiency,  with 
hypertrophy  of  the  left  ventricle.  This  alternate  waxing  and  waning 
of  color,  synchronous  with  the  cardiac  action,  is  not,  however,  exclu- 
sively significant  of  aortic  regurgitation,  but  may  be  visible  in  several 
states  of  decreased  blood  pressure  and  low  arterial  tension.  This 
sign  may  be  elicited  similarly  by  drawing  oat  the  lower  lip  and 
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plucing  a  mieroscoiw  slide  against  the  raucous  niembrant'  *o  as  to 
produce  a  slight  pallor,  which  will  change  to  a  faint  piukish  tint 
with  each  systole  of  the  heart.  A  flush  streak  on  the  forehead,  caused 
by  sharply  drawing  the  finger  across  it,  may  also  have  corroborative 
value  in  the  alternate  paling  simultaneous  with  cardiac  diastole. 


THE    VEINS  ■ 

As  Willi  the  arteries,  so  with  the  veinw,  consideration  is  unavoid- 
able in  connection  with  cardiac  and,  to  a  lesser  degree,  pulmonary 
diseases.  The  phenomena  of  the  venous  circulation  have  diagnostic 
eignificauce  as  related  to  cardiac  atfectione,  whether  they  occur  as 
general  venous  involvement  or  in  a  local  way.  Thus  we  find  general 
vcnotus  distention  whenever  the  return  flow  of  venous  blood  as  a  whole 
is  hindered,  particularly  from  failing  right  ventricle,  the  result  of 
mitral  or  tricuspid  valve  defects,  or  of  relative  tricuspid  insufficiency 
l>ecause  of  interference  of  the  pulmonary  circulation  due  to  emphy- 
sema, chronic  asthma,  and  extensive  fibroid  phthisis.  Hero  we  have 
associated  more  or  less  cyanosis  and  general  edema.  Local  venova 
distentions  and  abnormtU  pttlsationt  will  be  considered  as  more  eep»-  J 
cially  within  the  scope  of  this  hook,  as  found  on  the  thorax  and  neek. 
In  fact.  Ihc  jinjiiUirs  are  tlie  most  couvenicnlly  Iwiiled  and  amply 
sized  of  nil  llie  veins  whereby  ihe  condition  of  Ihc  right  heart  may 
be  cstiinaled  fairly:  indeed,  it  may  l)c  said  that  the  signs  of  the 
jugular  veins  arc  at  once  the  most  available  and  reliable  indices  of  the 
venous  circulation  in  general. 

IN.-iPECriON 
The  palliologic  phenomena  observed  on  inspection  of  Ihe  veins  arc: 

(1)  Enijonjeinenl,  and  therefore  vnlargemcnl,  of  llie  i-upcrticial  veins; 

(2)  fDil-wlioiiK  or  iiniliil'ilimis,  having  respiratory  or  cardiac  causation. 
Fulness  of  the  Veins. —  In  health  the  inotninenee  of  the  cervical 

veins  di'pcnds  puitiy  upon  the  amount  of  sulieuliincous  fat  and  partly 
upon  the  dcgreo  df  jihysiologic  activity,  other  things  being  eijual. 
Of  course,  the  po^iii„n  of  the  head  and'  tiie  dc|.lh  and  |X'riod  of  the 
respirati'ms  arc  iils.i  influencing  factors.  Of  ttii>  two  jugulars,  only  the 
external,  coursing  obiiijucly  over  the  ^tcrnocleiitomii^lnid  nniscle.  and 
the  right  Ik-II.t  than  tlie  left,  is  distinctly  vi.:iMi-  iho  inti-rnal  jugu- 
lar, underneath  Ibis  muscle,  and  its  biilbou-  jiiuclinn  wiili  iliu  sub- 
clavian  vein,   ;ire  not    vi.siblc   in  health,      in   fal-neckcd   individuals. 
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even  the  external  vein  may  not  be  seen,  notwithstanding  the  head  is 
placed  h)w  and  turned  toward  the  opposite  side  to  bring  it  out,  unless 
the  habit  or  physical  temi)erament  is  that  of  the  full-veined  plethoric. 
The  veins  show  better  in  men  than  in  women,  and  in  those  who  lead 
active,  energetic  lives.  Also,  they  are  fuller  during  such  acts  as 
coughing,  laugliing,  running,  and  the  like. 

AhnormnUij  fUstrridrd  jugular,^  are  evidence  of  any  form  of  valvu- 
lar or  j)ulnionary  disease  causing  olistructod  circulation  through  the 
lungs,  and  consequently  tricuspid  regurgitation.  Or  they  may  be 
produced  by  aneurisnial  or  neoplastic  (mediastinal)  compression  of 
the  superior  vena  cava  or  innominate  vein.  In  the  case  of  mediastinal 
tumor  there  may  ho  suggestion  of  it  in  the  presence  over  the  sternum 
of  a  few  single  engorged  veins  of  small  size.  In  marked  cases  of 
engorgement  the  jugular  bulb  is  also  seen  swelling  out  J  to  ^  in. 
above;  the  sternoclavicular  articulation  from  behind,  and  between  the 
divided  insertions  of  the  sternocleidomastoid  muscle. 

A  point  in  the  diagnosis  of  cervical  vein  engorgement,  as  differ- 
ent iatetl  from  a  merely  physiologic  or  plethoric  fulness,  may  be  aided 
by  noting  the  susceptibility  of  the  former  abnormal  condition  to  re- 
spiratory movement.  The  pathologic  turgidity  is  usually  distinctly 
lessened  during  inspiratiem  and  increased  during  expiration,  while 
normally  this  difTen*nee  of  undulatory  rise  and  fall  is  hardly  per- 
ceptible. 

Venous  Undnlations  and  Pnlsations.  (1)  Tiiosi:  (VvrsKi)  ht 
h*i:srii{  VToiiv  Movkmknts. — XorniaJljf,  the  continuous  tlow  of  blood 
in  the  veins,  as  manifested  in  those  of  the  niM-k  while  collateral  atten- 
tion is  also  given  to  the  movements  of  forced  respiration,  shows  an 
unmistakable  filling  during  expiration,  and  a  relative  collapse  during 
inspiration,  because  of  the  negative  intrathoracic  pressure  at  that 
time  which  draws  the  blowl  toward  the  heart,  the  swelling  of  the 
jugulars  during  expiration  l)eing  due  to  the  positive  pressure  exerttni 
ujKHi  the  veins  then,  which  causes  '*  a  retrograde  wave  of  blood  to 
close  the  valve  above  the  jugular  bulb.'' 

PatlioJogicaUy,  an  aggravation  of  the  jugular  undulations  accom- 
panying the  movements  of  respiration  are  significant  of  chronic  asthma 
and  cnipht/srtna;  particularly  in  the  latter  disease,  where  the  swelling 
of  the  cervical  veins,  while  the  patient  is  lying  down,  is  a  conspicu- 
ous feature.  Coughing  increases  the  turgidity  of  the  undulations 
markedly.  In  the  rare  alTection  of  fibrous  nU'tUasiino  pericardii  is,  a 
reversal  of  this  phenomenon  takes  place;  that  is,  the  jugular  veins 
are  fdling  during  inspiration,  because  of  the  bending  of  the  superior 
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vena  cava  by  adhesions  during  that  at-t,  lliiin  hindering  the  venous  \ 
flow  in  ttie  direction  of  the  heart. 

(2)    TnosK  Caused   bv   CAiiiiiAC   Conditions. — In  htaJih, 
venous  ptihe  is  a  gentle  undulation,  best  seen  in  the  estemal  jugi 


vein  in  thin  perBons.     The  wave  rises  and  passes  ju.st  before  \ 

cardiac  systole,  and  hence  {a)  the  normal  venous  pulse  i 

or  ncgntiv.     {h)  The  pathologic  niodificalion  nf  this  pulse  makes  | 


EXAMINATION    OF   THE   BLOOD-VESSELS         343 

systolic  in  time,  or  positive.  Obviously,  it  is  important  not  to  confuse 
the  systolic  venous  with  the  synchronous  carotid  pulse.  A  pulsating 
jugular  may  be  due  to  the  transmission  of  the  carotid  impulse.  If 
so,  then  *^  milking  "  the  vein  upward  will  not  be  followed  by  a  venous 
wave  from  below,  as  is  the  case  with  a  positive  venous  pulse  of 
iricuj<pi(l  regurcjilntion,  whicli  is  almost  always  the  cause  of  it. 

(«)  The  norma}  or  negative  venous  pulse,  as  seen  in  the  external 
jugular,  should  not,  as  one  author  writes,  he  designated  as  a  kind  of 
undulatory  collapse  of  the  vein  occurring  with  tlie  systole  of  the  heart, 
although  that  does  actually  happen.  For  the  complete  filling  of  the 
vein,  whicli  niak(*s  it  rhythmically  visible  bciore  its  emptying,  is  pre- 
systolic, and  hence  negative,  since  it  is  not  due  to  a  positive  or  systolic 
wave  of  blood  from  the  heart.  This  may  be  demonstrated  by  com- 
pressing th(»  vein  near  its  middle  with  the  finger,  whereujwn  pulsation 
ceasus  on  the  proximal  side,  showing  that  the  blood  does  not  regur- 
gitate from  the  heart ;  and  at  the  same  time  there  is  a  decided  diminu- 
tion of  undulation  on  the  distal  side,  showing  that  the  pulsation  is 
not  transmitted  from  the  carotid.  In  observing  the  normal  jugular 
pulse,  it  is  characteristic  to  see  the  presystolic  wave  rise  slowly,  to 
be  followed  by  a  sudden  systolic  collapse,  then  a  short  but  appreciable 
interval  before  the  next  wave.  The  phenomenon  is  due  to  the  systole 
of  the  right  auricle;  that  is,  since  the  auricle  contracts  during  venous 
distention — both  at  ])resystole — the  back  current  caused  is  stop|KMl 
at  the  jugular  valve,  which  transmits  the  shock  ahove.  The  negative 
venous  pulse  may  also  be  distinguished  from  carotid  pulsation  not 
onlv  bv  the  time,  but  i)v  the  sensation  to  the  fiu'cer  of  undulation 
rather  than  circumscribed  impact,  by  the  "'  impression  of  piissive  force 
rather  than  of  active  power,"'  and  by  the  greater  anatomic  extent 
of  wave. 

The  2^i'^*'^ystolic  venous  i)ulse  is  often  ])romiuently  visible  in 
chlorosis. 

(b)  The  positive  or  pathologic  pulse,  synchronous  with  the  apex- 
beat  and  carotid  impulse,  is  best  seen  at  the  right  jugular  bulb,  in 
the  sternocleidomastoid  fossa.  Should  the  valve  here  in  the  internal 
jugular  become  incompetent,  the  systolic,  positive  venous  pulsation 
will  then  be  visible  upward  in  the  neck.  This  sign  is  pathognomonic 
of  tricuspid  regurgitation,  the  reflux  blood  current  being  urged  up- 
ward through  the  incompetent  orifice  into  the  auricle  with  each  con- 
traction of  the  right  ventricle.  Thence  it  passes  into  the  superior 
cava,  right  innominate,  and  internal  jugidar  veins  to  the  bulbar  valve, 
which  soon  ceases  to  stand  the  strain,  and  itself  becomes  incompetent. 
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The  jugular  pulse  may  be  aljsent  in  the  U|)rif;lit  posture,  as  gravity  i 

tivoK  its  appearance. 

Systolic  venous  pnlse  may  appear  later  on  the  left  side  in  severe 
IS  of  tricuspid  regurgitation ;  and,  on  the  other  liand,  when  marked 
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en  feel  tlcn  lent  of  llic  heart,  or  extreme  ra])iilily,  costie,  ilio  pulsations 
may  i|nitc  disappear. 

A  positive  centrifugal  venous  pulse  may  exist  (c!U]H>rarily  as  tlio 
rcsnlt  of  functional,  muscular,  tricuspid  insullieii'ucy  conneuled  with 
pronounccil  aneiuia.  This  often  appears  at  the  same  lime  iis  the 
soft  systolic  murmur  of  a  relative  mitral  insuni<'iency,  tlius  difTering 
from  the  tardily  appearing  tricuspid  insuflicicuey  si'condarily  due  lo 
an  organic  (endocarditic)  mitral  defect  (von  Lciihe). 

PALPATION 

PiiJpnfiiiii  may  have  lo  be  brought  to  the  aid  of  inspection  in 
soiTie  case-;  wlicre  hy  the  latter  method  aione  the  diagnosis  of  jxisilive 
venous  [iiilsntioii  may  be  dillicult.  doubtful,  or  impossible.  Thus,  it 
must  \.v  decided  first  that  tlie  pnlsalion  is  really  systolic,  and  then 
tluit  it  is  iiitr;ivi'uoiis  in  origin,  and  not  trnnsuiilted  fnim  ilic  adjacent 
carotid.  'i')ii>  former  may  l>e  determine.!,  of  course,  hy  pidpnling  the 
apex-beat  and  uoling  ils  synchronism  with  tlie  jugular  poise.  If, 
owing  I.)  rapidity  of  cardiac  action,  there  is  d.aibt  as  to  the  systolic 


^\ 
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time  of  a  venous  pulsation,  the  finger  may  be  placed  upon  the  vein  at 
the  root  of  the  neck,  and  slid  upward  with  sufficient  pressure  to 
empty  it.  Immediate  filling  and  pulsating  would  indicate  incompe- 
tence of  the  jugular  and  tricuspid  valves,  whereas  competency  of  these 
valves  would  be  accompanied  with  a  distinctly  slower  refilling  of  the 
vein  from  its  small  collaterals.  The  phenomenon  is  also  less  likely 
to  be  altered  by  deep  respiratory  action  than  is  the  normal  or  nega- 
tive pulse. 

Transmitted  carotid  impntsc  may  also  be  differentiated  from  true 
venous  pulsation  of  systolic  time  by  stroking  or  "milking"  the  vein 
from  below,  or  by  placing  the  finger  midway  between  the  clavicle 
and  ear,  which,  if  the  pulsation  is  imparted  or  false,  will  cause  a 
distention  of  the  vein  and  exaggeration  of  pulse  above,  and  a  corre- 
sponding emptiness  and  collapse  below.  But  if  the  pulsation  is  ac- 
tually in  the  vein,  from  a  tricuspid  insufficiency,  the  filling  will  be 
noticed  as  before. 

In  some  cases,  instead  of  a  single  venous  throb,  synchronous  with 
the  systole  of  the  heart,  there  may  be  a  double  wave,  the  presystolic 
being  weaker  than  the  systolic  wave. 

Tlie  systolic  venous  pulse  may  be  simulated,  rarely,  by  a  sudden 
diastolic  collapse  of  the  jugulars  due  to  the  sudden  diastole  of  the 
heart  as j)i rating  the  blood  from  the  veins,  after  a  labored  systole 
caused  by  extensive  pericardial  adhesions. 

Palpation  may  be  of  further  service  in  aiding  inspection  of  the 
veins,  as  in  determining  whether  a  pulsation  is  carried  beyrmd  the 
sinus  of  tbe  jugular  vein.  Thus,  in  tricuspid  regurgitation,  a  systolic 
thrill  nuiy  be  felt  over  the  position  of  the  incompetent  valves.  Again, 
in  rare  cases,  the  backward  undulation  may  be  visible  and  palpable 
in  the  thyroid,  external  jugular,  and  facial  veins,  or  a  pulsation  may 
b(»  propelled  into  the  larger  venous  trunks  of  the  arms,  as  the  axillary, 
brachial,  and  cephalic  and  basilic  veins.  Moreover,  it  is  not  very 
unusual  to  find,  in  such  instances,  a  venous  pulsation  ])ropagated 
do\^Ti  the  inferior  vena  cava  into  the  veins  of  the  liver,  so  that  palpa- 
tion of  that  organ  detects  a  rhythmic  pulsation — the  venous  liver  pulse 
— following  closely  the  apical  stroke.  The  systolic  swelling  and  dias- 
tolic collapse  may  be  the  more  evident  because  of  the  congested  con- 
dition of  the  organ  which  is  common  in  these  cases,  with  moderate 
enlargement.  This  sign  is  best  elicited  by  grasping  the  whole  right 
lower  zone  of  the  chest,  one  hand  being  placed  with  the  fingers  below 
the  tenth,  eleventh,  and  twelfth  ribs  behind,  and  the  other  in  front 
over  the  hypochondrium  and  epigastrium. 
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In  the  diagnosis  of  t!ie  systolic  or  positive  vonous  pulse,  it  slintild 
be  pointed  out  here  that  besides  tricuspid  insufficiency,  it  may  be   ' 
indicativB  of  combined   mitral   insufficiency  and   patulous   foramen 
ovale,  (ir  of  the  extremely  rare  varicoBe  aneurism  of  the  thoracic 
aorta  communicating  with  the  superior  cava. 

Venous  Puhe  of  Quincke. — This  has  been  described  as  observed 
particularly  in  llie  superficial  veins  of  the  hand  and  the  back  of  tlie 
foot,  in  connection  with  aortic  insufficiency  and  the  capillary  pulse. 
It  represents  probably  the  arterial  pulse  propagated  through  the  captU 
laries;  hence  the  term,  also,  of  progre^ssive  venous  pulse.  This  pulsa- 
tion may  lie  associated  with  simple  relaxation  of  the  arteries,  with 
phthisis,  neurasthenia,  and  anemia,  and  is  reported  to  have  been  seen 
in  health  (?). 

A  venous  thrombosis  may  be  detected  on  palpation  in  one  of  ihe 
larger  veins  of  the  extremities.  The  veins  feel  firm  and  cordlike, 
and  are  usually  surroiinded  by  some  local  edema.  This  is  not  a  rare 
complication  of  typhoid  fever,  septic  infections,  and  of  senility. 


AUSCULTATKJN 
The  only  phenomenon  of  importance  is  the  venous  Imm  or  ftrutf  1 

de  diablr  heard  over  Ilie  jiifi"'"'"''-  This  munmir  uiay  bo  physiologic, 
stethoscipic,  or  pmhologie  in  origin;  usually  Ihc  hisf.  The  jugular 
bulb  sound  of  Bamberger  will  be  referred  to  shortlv. 

The  Vwus  y/H»(.— This  is  a  Mift,  uonlinnous  hLtimiiiug  ..r  blow- 
ing sound  heard  over  tlie  jugular  veJiir',  but  with  grciiter  distinctness 
on  the  right  side.  At  limes  the  sound  has  a  Imzifing  or  even  musical 
ijuality.  As  it  occurs  almost  e.\el\isively  in  the  iiitcnml  jugular  vein, 
it  is  iK'st  heard  in  ibe  Imllow  above  the  elaviele  ari<!  Iwlwecn  Ihc 
origins  of  the  sternocleidomastoid  muscle,  right  over  the  bollnis.  Tluit 
Ihe  murmur  is  venous  and  not  arterial  can  Ijo  demonstrated  by  press- 
ing firmly  on  the  dilated  lower  end  of  the  juguhir  vein,  Just  above 
the  clavicle,  wlien  the  huui  will  disajijiear  at  oui'c.  Again,  pressure 
ii]ion  the  earolid  higher  up  on  ihe  neek  does  not  alter  the  character 
or  inteiir-iiy  of  the  vennus  murmur. 

The  (H'currence  of  the  venous  hum  phiflnJogii-aUy  is  accountcnl 
for  mostly  by  the  anatomic  conditions.  In  llic  tirj-f  place,  it  may 
he  due  to  Ihe  rush  of  blood  from  the  narrou'  vein  into  the  wider 
chaTobcr  of  ilie  juguhir  bulb;  or.  and  in  addition,  as  Hamernjk  has 
s!i<mn,  il  nuiy  lie  iUlributnl  to  |he  e.m.-iderable  bend  nhich  Ww  inter- 
nal jugular  vein  make:?  in  a  forward  diraiiou,  in  front  of  ihe  trans- 
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verse  process  of  the  sixth  cervical  vertebra,  and  to  the  pressure  of 
the  traversing  omohyoid  muscle.  Doubtless  the  vibrations  are  at  least 
partly  due  to  the  venous  walls  themselves.  By  turning  the  patient's 
head  to  the  opposite  side,  and  thus  putting  the  muscles  on  the  stretch 
on  the  side  under  examination,  the  slightly  audible  hum  may  be 
increased  in  loudness. 

The  infrtisiiif  is  inlhieneod  by  other  conditions.  The  pressure  of 
the  stetlioscope  develops  or  augments  it.  Likewise,  anything  which 
accelerates  the  How  of  1)1o(k[  from  the  jugulars,  as  during  deep  in- 
spiration, the  standing  instead  of  the  sitting  or  lying  posture,  the 
piM'iod  of  the  heart  cycle — since,  naturally,  the  murmur  w^ould  be 
weaker  during  the  cardiac  systole,  diastolic  intensification  may  be 
noted.  To  detect  the  venous  hum,  or  variations  in  its  intensity,  it 
is  well  to  have  the  ])atient  hold  his  breath,  so  as  to  avoid  the  con- 
fusing tracheal  sounds.  The  murmur  is  sometimes  heard  over  the 
upper  ])art  of  the  sternum,  and  may  even  be  traced  as  far  as  the 
aortic  area  in  certain  instances. 

PathoU)(j\caUij,  the  venous  hum  is  commonly  significant  of  the 
anemias,  especially  of  chlorosis  and  pernicious  anemia.  In  some  rare 
cases  a  venous  murmur  may  ])e  heard  over  the  femoral  veinSy  and  this 
mav  l)e  intensified  bv  elevating  the  limb.  In  weakened  and  varicose 
conditions  of  the  femoral  veins,  or  when  the  valves  are  insutricient 
or  absent,  a  sharp,  wliizzing  murmur  nuiy  be  excited  by  violent  cough- 
ing, and  may  even  be  pali)al)h»  over  the  femoral  vein,  just  below 
Poui)art's  ligament.  Jt  is  probable  that  the  venous  Inini  of  anemia  is 
caused  largely  by  the  vibrations  set  up  on  account  of  the  diminished 
quanlily  and  plasticity  of  the  blood,  the  currents  being  thus  more 
readily  and  more  forcibly  produced. 

Jntcnnittvni  venous  hum  has  been  distinguished  from  the  con- 
tinuous by  Weil,  Guttmann,  and  others.  It  is  of  comparatively  rare 
occurrence,  however.  It  may  be  indicative  of  augmentation  of  the 
jugular  velocity  of  blood  due  to  inspiration,  to  cardiac  diastole,  or  to 
both  combined. 

Jugular  sound,  heard  over  the  Imlbus,  as  discovered  by  von  Bam- 
berger, signifies  the  shock  against  the  valve  in  consequence  of  the 
reflux  wave  of  a  tricuspid  insufficiency.  This  venous  sound  passes 
into  a  murmur  when  the  venous  valve  becomes  incompetent.  Earely 
such  valve  sounds  mav  also  be  heard  over  the  femoral  veins,  in  the 
exceptional  instances  when  the  recurrent  waves  reach  these  vessels. 
As  pointed  out  by  Friedreich,  the  sounds  may  be  double,  presumably 
due  to  auriciUar  as  well  as  ventricular  contraction. 


SECTION  TV 

SPECIAL   PHYSICAL   DIAGNOSIS 


CHAPTER    XV 
DISEASES  OF  THE  HEART,  INDUCTIVELY  CONSIDERED 

Actual  and  hypothetical  eases  of  heart  disease  will  1)r  narrated 
in  hrief,  typical,  and  soggcstivu  e}inptomatic  outline.  The  physical 
signs  will  then  be  slated,  and  the  method  of  analysis,  and  direct  and 
differential  diagnosis  followed  a»  in  practical  procedure. 

Case  No.  1. — A  day-laborer,  aged  forty-six,  was  admitted  into  . 
the  hospital  ward.  He  walked,  complaining  of  and  manifesting  short-  j 
nf^*  of  brealli.  winie  precordinl  distress.  Iltniipli  not  jirlu.al  jinin.  .iml 
piil|iilntioii  of  tlu'  lu'iirl.  Tlie  (lysjinva  wii.«  (|uitc  marked  on  w.ilking 
ni|.idlv  or  {^oioK  ii|)-stiiirs,  and  for  two  wc.-ks  his  work  as  a  dirt- 
shov.'l.'r  lioro  so  liiir.ily  ujxm  liini  iluit  lio  liad  lo  .[iiit  it.  He  sliowe.l 
anxiety  and  nervoiisjR'ss  of  wunlenaiU'c  and  iiiainuT,  iind  wi-akness 
of  atlilude  and  niusi'iiliituro.  His  jip^;  and  tJHrk  cNiinenei's  had  a 
faint  bluish  tint,  nnd  his  nostrils  dilalc<l  visibly  willi  labored  inspira- 
tion. He  pave  a  l^^tory  of  baviof;  liii<i  acute  inllaniniatory  (articular) 
rheumatism  for  six  weeks,  when  nineteen  years  old,  and  a  mild  attack 
for  two  weeks  jnsl  four  months  previous  to  admission.  His  liealth 
and  stren^'Hi  ba<i  bwn  fieneraliy  pwid  unlil  the  bi.-t  attack,  but  since 
llu'u  he  hail  noticed  a  .slifrht,  projiressive  loss  of  health  and  endurance, 
freijueut  diseomforls  after  catln^'.  with  occasional  eructations  and 
nau-ea.  eoiisiipalion.  a  little  eou^di  after  exerlion.  and  momentary 
dix/iiiess  when  fatijrued.  He  was  a  "  moderab' "'  user  nf  beer,  whisky, 
nnd  iiijie-loliacco. 

I'liYSiCAi.  >^\<;s^.—his!M-rli>,i,  of  Ibe  precoi.limn  showed  no  undue 
l.romiiienee  oi'  depression.  There  was.  however,  n  dilVuse.  wavy  in>- 
jmlse  iu  tlu.  Ibiril.  fnurlli.  am]  fifib  inler-paces.  t„  ||,e  left  of  the 
sternum,  atul  di-linci  jiidsation  in  the  e|>i;;as|rium.     The  apical  im- 
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pulse  was  also  somewhat  increased  in  area,  and  displaced  to  the  left, 
the  center  being  about  ^  in.  beyond  the  nipple  (midclavicular)  line, 
in  the  fifth  interspace. 

Palpation. — ^This  confirmed  the  information  obtained  visibly,  and 
added  the  following  signs:  The  precordial  and  apical  and  epigastric 
pulsations  were  also  feeble ;  the  apex  could  be  located  more  positively 
by  the  finger-tip  near  the  middle  of  a  moderately  diffuse  and  weak 
impulse;  slight  impulse  was  noted  also  in  the  second  left  interspace 
near  the  sternum.  There  was  a  perceptible  but  faint  systolic  thrill 
at  the  apex.  The  pulse  was  diminished  in  volume,  moderately  weak 
or  small,  the  tension  lessened,  and  a  trifle  irregular  as  to  time,  volume, 
aud  force. 

Percussion, — The  cardiac  area  of  dulncss  (deep  or  relative)  was 
increased  in  all  directions:  to  the  left,  i  in.  beyond  the  nipple-line 
in  the  fifth  interspace,  and  to  the  nipple-line  in  the  third  and  fourth 
interspaces;  to  the  right,  a  trifle  beyond  the  right  border  of  the 
sternum ;  above,  it  begins  with  absolute  dulness  in  the  third  interspace, 
para^^ternal  line,  thus  making  a  1)road  and  rounded  upper  and  outer 
border  of  dulness;  below,  there  could  be  demonstrated  a  diminution 
of  sternal  resonance  at  the  base  of  the  ensiform  process. 

Auscultation, — Both  heart  sounds  were  weakened,  the  first  rda- 
tivc'ly  more  than  the  second,  which  could  be  heard  quite  distinctly 
at  the  apex.  Tlie  pulmonic  second  sound  was  clearly  accentuated  in 
intensity,  and  of  equal  pitch  with  the  aortic  sound.  The  first  sound 
was  partially  obscured  by  a  soft  systolic  murmur,  maximum  intensity 
over  the  apex;  the  loudness  was  increased  when  the  patient  assumed 
the  dorsal  position.  The  murmur  was  audible  nearly  as  far  as  the 
left  sternal  border,  quite  so  up  to  the  third  interspace,  and  was  trans- 
mitted outward  as  far  as  the  anterior  axillary  region,  with  rapidly 
diminishing  intensity.  Once  or  twice,  after  some  exertion  in  rising 
quickly,  the  murmur  was  heard  faintly  near  the  angle  of  the  left 
scapula. 

Diagnosis  from  the  Analysis  of  the  Prkoedino. — In  the  first 
place,  that  we  are  dealing  with  a  heart  case  is  inferred  from  the 
rheumatic  history  and  the  gradual  onset  of  breathlessness,  aggravated 
by  exertion,  along  with  palpitation,  precordial  distress,  and  slight 
cyanosis.  A  history  of  articular  rheumatism  in  itself  should  point 
to  the  probability  of  a  chronic  valvular  endocarditis,  from  its  well- 
known  frequency  as  the  principal  cause.  The  novice  might  be  inclined 
to  surmise  the  case  to  be  one  of  spasmodic  (bronchial)  asthma;  but 
the  sudden,  brief,  sharp,  expiratory  character  of  the  latter  form  of 
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dyupnea,  its  frequent  occurrence  at  night,  the  prominence  of  cough^  ] 
its  intermiBsiDng,  the  absence  of  local  cardiac  Fymptome  and  of  i^  1 
eardiopathic  history,  serve  to  distinguish  this  from  the  so-called'  ( 
eardiHC  "  asthma." 

Secondly,  we  infer  ninderatp  enlargement  of  the  heart  because  | 
of  the  displaced  apex-beat  and  increase  of  the  area  of  dulness. 

Thirdly,  this  enlargement  is  most  probably  caused  by  dilation-  ^ 
rather  than  hypertrophy,  at  least  by  the  predominance  of  dilation,  I 
bec-atirw  of  the  diffuse  impulse  and  outward  rather  than  downward  J 
displacement  of  the  apes;  since  such  broad  impulse,  lalwrioua  in  I 
manner,  w-itli  vimk,  small  pulse,  ia  evidence  of  ventricular  weakness  I 
associated  with  consequent  yielding  of  the  walls.  In  hypertrophy,  J 
too,  the  apex  would  be  more  downward,  and  concentrated  in  area  1 
of  impulse. 

Fourthly,  the  enlargement  or  dilation  involves  the  two  ventricles  I 
and  the  left  auricle  frooi  the  facts  of  percussion,  inspection,  and'  I 
palpation,  namely,  outward  and  inward  extension  of  dulness,  as  well  I 
as  upward  to  the  left  of  the  sternum;  the  apical  impulse  displaced.  J 
to  the  left  (left  ventricle) ;  diffuse  impulse  below  the  third  rib,  iut»  j 
tiie  epigastrium  (right  ventrieie),  and  impulse  in  the  third  left  inlep-J 
Hpace  near  the  sternum,  which  may,  however,  be  attributed  partly  t 
a  dilated,  throbbin<;  pulmoniiry  iirlory,  ih  well  ;is  li>ft  auricle. 

Fifthly,  by  iiutieultation  alone  we  determine  an  insujprknnj  of 
the  mitral  vah-e  from  the  facts  that  the  muniiur  is  best  beard  at  the 
ape.\,  where  mitral  murmurs  have  their  miixinium  intensity;  that  its 
systolic  rhythm  occurs  at  the  time  when  llie  uiilral  vulve  should 
normally  Iw  closed,  and  that  its  propagation  into  the  left  axilla  means 
a  regurgitation  of  blood  backward  from  the  left  veniricle  into  tho 
left  auricle. 

A  rational  interpretation  of  the  phi/sirnl  pathnloijij  from  tho  phys- 
ical signs  confirms  the  diagnosis  of  a  mitral  leakage  (chronic),  and 
thus  explains  the  anatomic  and  functional  cITcels  of  the  lesion.    Thus : 

(1)  Tlie  left  auricle,  the  chamber  uliirh  receives  ihe  regurgitating 
blorul.  is  naturally  sulijeeled  to  increased  pressure,  receiving  al^fo,  as 
it  does,  Ibc  normal  flow  from  the  jmlmoiiury  vein.  Tliis  proiliiccs 
first  a  dilation,  then  com[H?nsatory  by|K'rtropby.  then  more  dihilinn, 
to  be  siieceeded  [>erhaps  by  more  hypertrophy  ami  ililation.  and  so  on 
until  permanent  enfoeblcment  and  dilation  of  iliv  iniriiular  walls 
ensues;  hence  ihe  extension  of  cardiac  (luhie^^s  over  that  region. 

(■»)  While  hypertrophy  of  Ibc  left  auricle  prcdoitiinates.  so  that 
ihe  increa^ecl  ipiantity  of  blood  received  during  iliastnle  is  forcibly 
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returned  to  the  left  ventricle  by  the  auricular  systole,  the  effect  may 
be  felt  somewhat  by  the  ventricular  walls,  which  then  respond  to  the 
extra  labor  by  beginning  hypertrophy  also.  The  physical  evidence 
of  this,  which  is  limited  practically  to  a  slight  outward  displacement 
of  the  apical  impulse,  is  seen  only  in  early  cases. 

(3)  Next,  as  auricular  weakness  and  dilation  become  extreme, 
backward  pressure  into  the  pulmonary  veins  occurs;  engorgement  of 
the  pulmonary  capillaries  and  arteries  follows,  and  the  result  is  dila- 
tion from  overdistention  of  the  right  ventricle,  and  more  or  less 
prompt  and  etfcctive  hypertrophy,  which  after  a  long  interval  passes 
into  marked  weakening  and  dilation  of  its  walls  in  turn.  Therefore 
the  (lilfuse.  llal)l)y  impulse  over  the  hmg-exposed  ])orlion  of  the  heart, 
the  marked  e])igastrie  j)ulsation,  and  the  cardiac  dulness  to  the  right 
of  the  sternum. 

(1)  During  the  predominance  of  right  ventricular  hypertrophy, 
however,  the  hlood  is  forced  forward  with  proper  flow,  so  that,  again, 
an  overdistended  left  auricle  is  throwing  augmented  strain  upon 
the  left  ventricle,  which  then  progressively  enlarges  in  hypertrophic 
dilation,  and  thus  accounts  for  left  (and  often  slightly  downward) 
apical  displacement,  and  increased  area  of  cardiac  dulness  to  the 
left. 

(5)  In  the  last  stages  (which  the  patient's  case  here  cited  does 
not  present),  the  dilation  of  the  right  ventricle  to  a  sufficient  degree 
causes  leakage  of  the  tricuspid  orifice  (relative  insutficiency)  ;  the 
How  of  hlood  from  the  right  auricle  to  the  right  ventricle  is  impeded; 
dilation,  sliglit  hy])ertrophy,  and  again  dilation  of  the  auricle  follow, 
and  the  visceral  and  peripheral  venous  congestions,  as  of  the  liver  and 
portal  circulation,  legs,  etc.,  Iwcome  gradually  manifest,  with  conse- 
quent dropsical  effusions  into  the  peritoneal  sac  {a^icifcs),  and  the 
edematous  swellings  so  characteristic  below  the  knees,  with  smooth, 
shining,  bluish  ])allor  of  skin,  and  the  pit  nuirks  of  linger  pressure. 

I)iFFi:i{EXTiAL  Diagnosis. — Mitral  regurgitation  is  seldom  con- 
founded with  other  valvular  lesions,  although  the  murmur  of  aortic 
obstruction  or  roughening,  or  of  tricuspid  regurgitation,  may  simulate 
that  of  the  mitral  lesion.  But  the  associated  physical  signs,  and  the 
bearing  of  the  etiologic  history  and  secondary  effects  of  the  valvular 
derangiMuent  serve  at  once  as  a  check  upon  or  confirmation  of  the 
indication  of  the  munnur  alone.  The  diagnosis  cannot  properly  or 
pre^cisely  be  made  by  tlie  detection  of  a  murmur  merely. 

Funcliojial  murmur.%  and  those  of  relative  mitral  insufficiency, 
are  more  likely  to  simulate  the  organic  mitral  defect  than  the  organic 
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alTectionB  nf  the  other  valves.  Tlte  principal  points  of  difTerentiation 
have  already  Uxn  described  in  a  general  way.  It  should  be  reinera- 
bei-ed,  however,  that  the  functional  murmurs  are  Uhually  ranch  softer 
and  more  variable  in  loudness  than  the  organic;  that,  although  they 
iiiny  be  audible  inside  or  outside  the  apex-beat  (I'otain),  more  often 
they  have  their  maximum  intensity  at  the  pulmonic  area;  that  they 
flR'  not  associated  with  enlarged  area  of  cardiac  dulness  or  swondaij 
pulmonary  or  general  venous  congestions  or  accentuation  of  the  pul- 
monic second  sound,  and  that  they  are  localized  instead  of  trans- 
mitted. The  murmur  of  rrlntive  mitrul  in.iv^cirnnj,  which  some- 
times occurs  in  (he  conrsc  of  acute  felirile  diseases  from  temporary 
wruikness  of  the  myocanhnm,  may  be  mistaken  for  the  endwardil ic 
lesion  at  the  same  orifice.  During  the  course  of  acute  inflammatory 
ntlocks,  in  particular,  it  is  impossible  to  determine  whether  a  systolic 
murmur  is  due  to  relative  insufficiency  at  the  auricu  in  ventricular 
orifices  or  to  the  beginning  of  a  strnctural  valvular  change  causing 
leakage.  Even  later,  for  some  time  during  and  after  convalescence, 
anemia  may  cause  a  soft,  blowing  murmur  simulating  an  incipient 
organic  mitral  regurgitation,  until  the  cure  of  the  blood  doficientr? 
causes  the  former  to  disappear  and  clear  the  diagnosis. 

Other  conditions  in  which  a  relative  mitral  regurgitant  murninr 
may  occur  should  lie  mentioned  in  connection  with  the  resources  of 
diflerenlial  diiignosis.  Such  are  fatty  liearl.  cardiac  cnlaTgcment  of 
chronic  Bright's  di-;ea.-ic.  myocarditis,  and  toxemic  disorders.  Those 
murmurs  are  al.-«»  vnriiililc  in  intensity,  being  espcciiilly  atfected  by 
rispiration  and  posture,  and  often  disappeiiring,  terupornrily  a1  least, 
under  Ireulincnt  with  digitalis.  Also  the  heart  sounds  an'  more  fro- 
(|uently  and  decidedly  weak  and  in-cgular.  A  relative  insufficiency 
murmur  at  the  rnitrai  orifice  may.  it  is  true,  Uo  superadded  to  a  real 
organic  lesion  of  the  same,  but  the  latter  is  sure  to  remain  after 
the  thcniiHiutic  test  ju-^l  referred  In. 

Krom  'lorlir  slnwsiK  which  also  has  a  systolic  murmur,  mitral 
regurgiliilinn  may  be  dilTerentialed  by  Hie  fad  lli;il  the  murmur  pro- 
r  le-^inn.  even  when  hoard  ]>reil,v  niiich  all  over  the 
■^  has  its  iirea  of  greatest  inteu^ily  at  ihc  sec- 
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insufficiency  due  to  the  prolonged  strain  upon  the  left  ventricle,  and 
consequent  dilation). 

Tricuspid  regurgitation  produces  a  systolic  murmur,  heard  also 
at  the  apex,  but  louder  near  the  sternum  and  an  interspace  higher, 
while  the  mitral  murmur  diminishes  in  intensity  in  that  direction, 
and  is  heard  with  distinctness  beyond  the  left  border  of  the  heart. 
If  any  error  is  made  it  is  rather  in  failing  to  detect  the  concomitant 
tricuspid  murmur,  which  is  practically  always  secondary  to  mitral 
disease.  When  present,  however,  there  is  less  likely  to  be  accentuation 
of  the  pulmonic  second  sound;  and  usually  associated,  on  the  other 
hand,  the  venous  phenomena  already  described  in  the  preceding 
chapter. 

Having  thus  differentiated,  and  excluded  the  possibility  of  con- 
fusing, pericardial  and  cardiorespiratory  murmurs  {q,  v.),.  the  diag- 
nosis of  organic  mitral  insufficiency  is  made. 

In  examinations  for  life-insurance  it  frequently  happens  that  a 
very  slight  degree  of  mitral  regurgitation  is  discovered  on  auscultar 
tion,  but  which,  so  far  as  83rmptoms  are  concerned,  the  applicant  is 
unaware  of,  and  which  may  not  be  signally  aggravated  to  loss  of 
myocardial  compensation  for  fifteen  or  twenty  years  in  a  person  of 
early  or  middle  life,  and  of  moderate  habits  and  work  and  tranquil 
mentality. 

Case  No.  2. — A  slender,  almost  phthisical-looking  woman  of  twen- 
ty-seven years,  with  a  history  of  having  had  several  rheumatic  attacks 
since  childhood,  complains  of  rapidly  increasing  breathlessness  and 
palpitation  of  the  heart  within  a  month  of  consultation.  These  symp- 
toms were  especially  distressing  on  exertion,  and  were  accompanied 
with  pain  in  the  left  side  of  the  chest,  and  a  short,  dry  cough.  The 
face  is  pale,  with  a  bluish  duskiness  of  the  cheeks,  lips,  and  slightly 
clubbed  finger-tips.  The  insteps  and  ankles  are  slightly  edematous. 
Dyspepsia  (sour  eructations  being  troublesome),  constipation,  scanty 
urine  and  menses,  vertigo,  and  sleeplessness  are  also  complained  of. 
A  bronchitis  was  suffered  from  the  previous  winter,  and  twice  blood- 
tinged  expectoration  was  noticed. 

Physical  Signs. — Inspection  of  the  precordium  notes  a  decided 
bulging  of  the  lower  part  of  the  sternum,  and  of  the  fourth  inter- 
space, fifth  rib,  and  fifth  interspace,  over  the  normal  position  of  the 
right  ventricle.  In  the  same  r^on  there  is  visible  pulsation,  diffuse 
and  fluttery;  also,  slightly,  in  the  second  and  third  left  interspaces, 
but  a  little  more  prominently  in  the  epigastrium.  The  ajMJir  impulse 
is  just  noticeable,  and  not  displaced. 
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Palpation. — By  this  method  the  visible  signs  are  confirmed :  over  I 
the  body  of  the  heart,  where  the  diffuse  pulsations  are  noted,  tbe  I 
hand  feels  a  wavy  fltittering.  with  an  occasional  laborious  heave;  th0-1 
epigastric  pulsation  is  palpalile,  and  a  slight  impulse  is  feit  in  the  i 
second  left  interspace  near  the  sternum.  In  addition,  the  apex-beat  ] 
is  perceptibly  weak,  and  felt  in  the  fifth  interspace  in  the  midclavicu- 
lar line.  Characteristic,  however,  is  a  tlirill,  presystolic,  felt  over  tbej 
Bpcx;  it  has  a  short,  slightly  rough,  purring  quality,  ninning  up  (o  1 
and  Icrniinafiug  abruptly  with  the  apex-l)eat,  which  follows  inline-  1 
diutely  as  a  sharp  shock  or  thump.  The  thrill  is  more  marked  during^'  j 
expiration. 

The  pulse  is  distinetly  small,  soft,  weak,  and  irregular  in  regard  J 
to  the  rbythiii.  thus  l>eing  synchronous  with  the  cardiac  impulsf ,  which  ] 
in  its  irregularity  seems  at  times  to  lie  a  prolongation  of  tJie  thrill. 

Permtmuin. — The  area  of  deep-seated  cardiac  dulnoss  is  iticrreAiwd 
transversely,  eepeeially  to  the  right,  as  far  as  one  inch  beyond  the  ■ ' 
right  sternal  line  in  the  third,  fourth,  and  fifth  interspaces;  upward 
along  the  left  edge  of  the  sternum,  a  few  fingerbreadlha  beyond  in 
extent,  as  far  as  the  second  interspnee.     Dulness  is  also  marked  (i 
the  lower  lialf  of  the  sternum,  and  in  the  epigastrium  around  the  J 
Ezjplioid. 

A  iisrullnnoi}.— rho  heart  sounds  are  wenk  ;it  tlic  ba 
what   irrugiihir   in    rlLyllini.      llio    lirst  siiiiiid   nl    llie    n 
valvular,  slapjiing  in  character,  and  prcccdc-il  liy  a  r 
murmur.     The  swond  sound  is  very  distinct  at  ilu 
ciallv  IcLul  and   actrntuatcHl  iit  tlic  pulmonic  orilui 
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Secondly,  there  is  undoubted  dilation  of  at  least  two  of  the  cardiac 
chambers,  namely,  the  left  auricle  and  the  right  ventricle,  because 
of  the  location  and  character  of  the  pulsations  noted  by  inspection  and 
palpation,  and  because  of  the  percutory  outlines  of  dulness.  At  the 
same  time,  important  negative  evidence  as  to  the  left  ventricle  is  to 
be  considered  in  respect  to  the  absence  of  dulness  to  the  left,  and  the 
position  and  weakness  of  the  apex-beat. 

Thirdly,  the  presystolic  thrill  and  murmur  localized  at  the  apex 
indicate  the  valvular  or  orificial  difficultv  to  be  mitral,  and  obstruct- 
ive  in  nature,  because  these  signs  occur  at  the  time  when,  normally, 
this  auriculoventricular  opening  is  free  for  the  blood  to  pass  from 
the  left  auricle  into  its  fellow  ventricle,  but  in  this  case  is  not  so, 
by  reason  of  the  palpable  and  audible  disturbances  set  up  at  this  time. 

The  DIAGNOSIS,  therefore,  is  mitral  obstruction  or  stenosis. 

The  I'liYsiCAL  PATHOLOGY  is  similar  to  that  of  the  preceding 
case  of  mitral  regurgitation,  so  far  as  the  dilation  of  the  auricle 
and  ventricle  are  concerned.  Here  the  pulmonary  circulation  is  con- 
gested because  the  blood  is  prevented  from  getting  into  the  systemic 
circulation  except  under  great  difficulty,  being  held  back  from  the 
left  ventricle  by  the  mitral  constriction,  whereas  in  the  other  instance 
it  was  forced  backward  through  the  leaking  valve  by  the  contracting 
ventricle. 

Hence,  too,  since  the  left  ventricle  in  mitral  stenosis  has  less  than 
the  normal  quantity  of  blood  to  circulate,  it  is  inclined  to  atrophy 
and  shrink  behind  the  right  ventricle,  which  is  hypertrophied  from 
too  much  work  to  do.  That  the  pressure  in  the  pulmonary  circula- 
tion is  also  alx)ve  normal  is  indicated  by  the  accentuation  of  the  pul- 
monic sound,  and  especially  by  the  comparatively  higlier  pitch  than 
the  aortic,  showing  the  relatively  lower  tension  in  the  aorta.  That  the 
left  ventricle  is  incompletely  supplieil  with  blood  is  likewise  evidenced 
by  the  weak  apex-beat  and  the  small  and  weak  pulse. 

The  fact  that  the  full  intensity  of  the  murmur  is  heard  just 
before  systole,  although  somewhat  audible  at  the  middle  of  diastole^ 
proves  obstructive  difficulty  at  the  mitral  orifice,  since  at  this  latter 
portion  of  diastole  the  auricular  systole  produces  vibrations  of  suffi- 
cient strength  to  be  well  heard,  while  the  moderate  speed  with  which 
the  blood  flows  through  the  narrowed  orifice  in  the  first  half  of  diastole 
is  insufficient  to  cause  such  vibrations. 

Differential  Diagnosis. — Mitral  regurgitation  may  be  associ- 
ated with  mitral  stenosis,  but  the  murmur  may  be  recognized  by  its 
being  softer  and  lower  in  pitch,  beginning  vntii  the  first  sound  and 
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diminishing,  as  well  ae  being  transmitted  to  the  asilla,  instead  of 
having  a  crescendo  of  intensity  up  to  the  first  sound,  and  then  ceasing 
abruptly.  Prt-systolic  thrill  is  more  common  than  the  systolic  thrill 
of  insufficiency  also.  In  mitral  stenosis,  doubling  of  the  second  sound 
is  not  only  more  common  than  in  mitral  regurgitatioa,  at  the  base, 
Ijiit  is  not  infrequently,  as  an  apparent  doubling,  heard  over  the 
mitral  area  as  well;  the  causation  of  tlie  latter,  however,  is  differeJit 
from  that  of  the  former.  Again,  in  mitral  obstructive  disease  there 
is  more  extension  of  dulncss  to  the  right  than  in  the  regurgitant 
form,  and  none  to  the  left  as  in  that.  Finally,  the  pulse  is  decidedly 
more  diminished  in  volume  and  force  in  stenosis,  and  arhythmia 
ig  more  marked. 

Tricuspid  slenosis  produces  a  murmur  hoard  almost  in  the  8snie 
situation  as  that  of  the  mitral  lesion,  and  having  an  identical  timv 
and  quality.  But  the  rarity  of  the  tricuspid  affection  seldom  calls 
for  its  differentiation. 

Aortic  regurgilation  has  a  diastolic  murmur  beginning  with  the 
second  sound,  which  the  mitral  stenotic  seldom  does,  and  dies  away, 
while  the  latter  increases  up  to  the  first  sound.  Again,  the  aortic 
regurgitant  murmur  is  usnaJly  very  soft  and  smooth  in  quality,  heard 
near  the  second  right  interspace,  and  transmitted  down  along  the 
sternum,  alllioiigh  ca.*es  sometimes  occur  where  a  typical  presystolic 
murnmr  of  rolling  quality,  with  thrill,  is  nevertheless  shown  post 
mortem  to  have  been  caused  by  aortic  regurgitation,  and  not  mitral 
stenosis— the  so-called  "  Austin  Flint  luurmur,"  Here  the  diagnosis 
may  be  made  Ijv  noting  whellier  there  is  marked  enlargement  of  the 
left  ventricle,  which  would  point  tn  aortic  insulliciency,  especially  if 
at  the  same  time  there  is  weak  second  sound  and  loud  first  sound, 
the  reverse  of  mitral  obstruction,  which  has  a  .short,  snapping  first 
and  an  accentuated  and  often  reduplienled  second  sound.  The  differ- 
ences in  the  ai-eas  and  directions  of  extent  of  cardiac  dulness,  and  of 
the  positions  of  the  ajiex-beat,  are  also  im[iorlant. 

Pcriainli'i!  friilion.  especially  when  due  to  adherent  pericardium, 
may  r-imulate  mitral  stenosis;  Imt  the  rnurnuir  i-^  seldom  limited  to 
presystolic  lime,  has  a  superficial,  short,  scratching  sound,  and  is 
inconstant ;  the  first  sound  at  the  apex,  also,  is  weakened  or  indistinct 
instead  of  accentuati'd  and  flapping  in  character. 

Case  No.  3.— A  large,  henvily  built  Irisliman.  teamster,  fifty-one 
years  of  age.  crime  into  the  nifice  uiiicb  ii|i|>ri-srd  vviib  dyspnea,  which 
he  said  cume  on  rather  suddeidy  about  a  rm.nlli  or  six  weeks  previ- 
(ui>ly.      Me  «a-    tbislied   with  ajid  smelled   of  whi-ky,  which  he  ad- 
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mitted  he  had  been  in  the  habit  of  using  daily  for  thirty  years,  and 
said  that  at  other  times  persons  told  him  he  was  pale.  He  had  always 
worked  hard  at  heavy  lifting  and  the  like,  and  remembered  to  have 
felt  the  effects  of  physical  strain  recently  in  a  sort  of  momentary 
blinding  dizziness,  sense  of  suffocation,  headache,  precordial  distress 
with  some  neuralgic  pains  radiating  to  the  left  shoulder,  followed  by 
faintness,  restlessness,  sweating,  and  considerable  muscular  weakness 
and  general  prostration  lasting  for  a  day  or  two.  He  said  that  when 
a  young  man  he  had  one  attack  of  inflammatory  rheumatism,  which 
affected  only  the  left  knee-joint,  and  which  he  recovered  from  in 
about  two  weeks. 

Physical  Signs. — Impeciion  shows  marked  fulness  of  the  fourth 
and  fifth  ribs  and  interspaces  and  the  sixth  rib,  from  the  left  para- 
sternal line  to  a  little  beyond  the  nipple-line.  The  apex-beat  is  mod- 
erately diffuse,  but  with  heaving  impulse  central  in  the  sixth  inter- 
space, fully  an  inch  and  a  half  outside  the  mammillary  line,  and 
quite  near  the  anterior  axillary.  There  is  visible  over  the  lower  half 
of  the  precordium,  also,  a  general,  slightly  labored  impulse.  Vio- 
lent pulsations,  with  exaggerated  diastolic  collapse  of  the  temporal, 
carotid,  axillary,  brachial,  radial,  ulnar,  femoral,  and  dorsalis  pedis 
arteries,  are  plainly  seen.  The  larger  arteries  mentioned  are  distended 
and  somewhat  tortuous,  the  throbbing  temporals  being  very  serpentine. 

Palpatitni. — The  whole  hand  applied  recognizes  a  strong,  wide- 
spread cardiac  impulse.  The  apex-beat  occasionally  conveys  the  im- 
pression of  a  double  muscular  movement.  At  times  a  faint  diastolic 
tremor  is  felt  at  the  base  of  the  heart,  near  the  sternum. 

The  pulse  (radial  and  elsewhere)  is  peculiarly  quick  and  sharp 
in  wave  contact,  yet  soft,  and  it  is  hardly  felt  before  it  drops  from 
the  finger  in  as  sudden  and  volatile  a  manner.  The  latter  phenome- 
non becomes  more  distinct  when  the  arm  is  raised.  These  facts  draw 
attention  to  the  capillaries,  which  are  examined  by  inspection,  and 
a  capillary  pulse  is  detected  beneath  the  nails.  There  is  an  occasional 
abortive  radial  pulse-wave. 

Percussion. — ^The  area  of  cardiac  dulness  extends  downward  and 
outward  from  the  third  interspace  near  the  sternum,  as  far  as  the 
sixth  interspace,  and  about  one  and  one-half  inch  to  the  left  of  the 
nipple-line.  The  dulness  extends  inward  from  thence  to  the  left 
sternal  line,  from  the  xiphoid  to  the  third  rib  cartilage,  and  all  over 
this  enlarged  area  is  marked,  showing  that  there  is  less  than  normal 
amount  of  lung  overlapping^  provided  there  ia  no  consolidation  of 
its  tissue. 
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Au^cullalion. — The  heart  sounds:  the  first  sound  is  lond,  and  yet, 
paradox ieally,  peculiarly  muffled  or  lacking  in  tone;  the  aecond  sound 
is  very  feeble  and  fugacious  at  Ihi'  aortic  iuterspacc;  the  pulmomtf 
eound  is  distinct,  but  not  accentuati'd. 

Applying  the  etethoseope  carefully,  a  very  soft,  blowing  murmi 
is  heard  at  the  base  of  the  heart,  w-ilh  a  maximum  intensity  in  the 
third  left  interspace  at  the  sternal  edge,  although  audible  also  in 
the  corresponding  region  of  the  right  side,  ami  at  midstemum  of  the 
same  level.  It  is  synchronous  with  the  second  sound,  and  occupies 
at  least  one-half  of  the  diastolic  interval  following  it.  The  murmtir  is 
transmitted  dovra  the  sternum  as  far  as  the  xiphoid  junction,  and  to 
the  left  as  far  as  the  parasternal  line  in  tlie  fourth  and  fifth  inter- 
spaces, whore  it  is  fairly  audible. 

Over  the  large  throbbing  arteries — the  carotids,  snbclavianB,  and 
femorals— a  short,  snapping  sound,  systolic;  on  pressure  with  the 
Btctlioscope  this  is  replaced  by  a  distinct  murmur;  occasionally,  while 
varying  the  pressure,  a  iliastolic  murmur  is  also  heard. 

Analysis. — In  the  first  place,  that  we  are  dealing  with  a  heart 

that   is  greatly   enlarged   and  most   laboriously  beating  liecause  of 

pevcre  strain  is  evident  from  the  position  and  character  of  the  sjh'jc- 

rbeat,  the  extent  of  cardiac  dnlneas,  and  the  risible  pulsations  of  the 

cipii!    artcri."^.      For   tho    ^auic   rcn^im.    wo   Vnnw   timt    tli.'   I.iillc 
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up  which  causes  in  time  the  greatest  known  size  of  heart,  or  cor 
bovinum. 

Sooner  or  later,  when  dilation  predominates  nearly  permanently 
over  the  hypertrophy,  a  relative  mitral  insufSciency  develops,  with  its 
train  of  consequences  already  described.  The  presence  of  the  double 
murmur  in  the  arteries  (Duroziez's  sign)  is,  as  intimated  by  the 
conditions  explained  above,  virtually  pathognomonic  of  aortic  insuf- 
ficiency. 

Differential  Diagnosis. — The  differentiation  of  the  mitral  ob- 
structive and  "  Flint  murmurs "  has  already  been  pointed  out  in 
connection  with  the  preceding  case. 

The  interpretation  of  a  diastolic  murmur  at  the  base  of  the  heart 
may  be  dithcult  in  the  absence  of  distinctive  arterial  signs  and  the 
evidences  of  left  ventricular  enlargement,  as  in  the  early  cases.  For 
instance,  such  a  murmur  may  be  functional  or  anemic,  although,  it 
is  true,  rarely  so ;  it  may  be  due  to  congenital  pulmonary  regurgitor 
Hon  (also  rare),  to  aneurism,  to  fatty  and  relaxed  {dilated)  aorta, 
or  to  adherent  pericardium  (Cabot),  and  myocarditis  or  exophthalmic 
goiter  (Musser).  If  the  murmur  is  hemic,  and  transmitted  downward 
from  the  cervical  veins,  instead  of  aortic  regurgitation,  pressure  over 
the  jugular  bulb  will  obliterate  it.  The  rare  pulmonary  insufiSciency 
is  unaccompanied  with  hypertrophy  of  the  left  ventricle,  and  cyanosis 
and  childhood  or  adolescence,  instead  of  pallor  and  advanced  years, 
are  associated  with  it.  Aneurism  has  expansile  pulsation,  often 
tumor,  upper  sternal  dulness,  and  also  the  characteristic  bruit  and 
pressure  phenomena.  Dilated  aorta  usually  gives  an  area  of  dulness 
betwci^n  the  first  and  third  ribs  along  the  right  sternal  border. 

Associated  aortic  or  mitral  systolic  murmurs  are  not  infrequent 
with  aortic  regurgitation. 

Aortic  systolic  murmur  may  often  be  heard,  due  to  accompanying 
stenosis  or  roughness  of  the  aorta  or  valve-segments.  This  murmur 
is  usually  harsh  and  high  pitched  as  contrasted  with  that  of  aortic 
insufficiency,  which  is  diastolic;  it  is  transmitted  into  the  carotids 
with  the  same  quality,  but  in  coexistence  with  aortic  regurgitation, 
the  soft  murmurs  in  the  other  arteries  often  associated  with  the 
latter  are  absent;  the  murmur  is  also  heard  over  a  larger  part  of 
the  body  of  the  heart,  in  most  cases,  and  is  accompanied  with  a 
systolic  tremor  or  thrill;  and  lastly,  the  pulse- waves  are  not  so  high 
and  quick,  if  at  all,  as  when  the  insuflSciency  is  uncomplicated.  One 
source  of  error  in  inferring  aortic  stenosis  due  to  pathologic  changes 
at  the  orifice,  as  well  as  leakage,  should  be  indicated;  namely,  that 
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the  systolic  murmur  may  be  the  result  of  a  "  pliysiologic  stenosis,"' 
or  really  Uie  normally  narrower  aorUt  beyond  a  very  widely  dilatoi 
aortic  orifice,  which  thus  pcrmita  a.  large  column  of  blood  to  be  pro- 
pelled into  the  smaller  caliber  with  current  disturbance. 

A  systolic  murmur  in  the  mitral  area  associated  with  the  aortic 
diastolic  is  not  at  all  rare,  both  being  often  heard  distinctly  close 
together  because  of  the  transmission  of  the  latter.  The  mitral  systolic 
is  softer  than  the  aortic  systolic  murmur;  it  is  heard  to  the  left  in 
the  axilla ;  the  pulmonic  sound  is  accentuated,  jmd  aeeondary  hyper- 
trophy and  dilation  of  the  right  ventricle  appear  later.  Tlic  mitral 
insufficiency  may  be  due  to  a  combined  endocarditis,  or  to  a  relative 
insufficiency,  as  from  dilation  of  the  left  ventricle  from  other  causes. 
Still  later,  a  tertiary  relative  insufficiency  at  the  tricuspid  orifice 
may  develop,  as  evidenced  by  soft  systolic  murmur  heard  best  over  the 
lower  third  of  the  sternum,  and  separated  from  the  area  of  mitral 
regurgitant  murmur  by  a  zone  or  interval  of  feeble  or  absent 
audibility. 
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ClIAPTEU    XVI 

TOPOGRAPHIC  ANATOiMY,  REGIONS,  AND  METHODS  OF 

ABDOMINAL  EXAMINATION 

ANATOMIC   ZONES,    REGIONS,   AND   LANDMARKS 

For  descriptive  purposes  and  the  proper  location  of  abdominal 
physical  signs,  we  use  terms  expressive  of  anatomic  regions  having 
natural  points  of  reference  and  more  or  less  arbitrarily  drawn  limit- 
ing lines.  According  to  the  old  traditional  method,  the  abdominal 
surface  is  divided  into  three  zones  hy  two  horizontal  lines  or  imag- 
inary planes,  the  upper  being  called  the  infra-  or  subcostal ,  which 
passers  across  at  the  level  of  the  lowest  part  of  the  thorax  (tenth  rib), 
and  the  lower  the  h'lspinal,  connecting  the  anterior  iliac  spines,  thus 
producing  the  rpigaMriCy  mesogasfnr,  and  Injpognsiric  zones.  Sub- 
dividing these  three  zones  by  two  vertical  lines  or  planes  passing 
through  the  middle  of  Poupart's  ligament  on  each  side  (correspond^ 
ing  practically  to  the  projected  nipple-lines),  we  have  then  nine 
regions  or  spaces,  as  follows: 

Eight  hypochondriac.         Epigastric.  Left  hypochondriac. 

"      lumbar.  Umbilical.  "     lumbar. 

"      iliac.  Hypogastric.  "    iliac. 

The  iliac  regions  are  also  called  sometimes  the  right  and  left 
inguinal.  The  hypochondriac  regions  may  be  made  to  coincide  more 
naturally  by  having  their  inner  and  lower  boundaries  represented  by 
tlie  curved  lines  of  the  inferior  costal  borders  (Butler).  The  lumbar 
regions  may  be  considered  as  prolongetl  around  the  sides  tx>  the  middle 
of  tlie  back,  and  suMivided  further  by  the  axillary  lines. 
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Another  regional  division,  much  more  simple  and  eatisfactoiy,  is 

that  of  the  ijuadmnts  devised  by  Ballanmj,  and  indorsed  especially 
by  Musser.    The  surface  of  the  abdomen  is  thus  divided  l»y  a  i 


and  a  transverse  umbilical  line  into  right  and  left  upper  and  right 
and  left  lower  quadrants.  "The  right  npprr  quadrant  contains  the 
right  lobe  of  the  liver,  the  gall-bladder,  the  hepatic  flexure  and  part 
of  the  transverse  colon,  a  portion  of  the  pancreas,  the  pylorus,  near 
the  median  line,  and,  deeper,  the  upper  half  of  the  kidney.  Tlie,_ 
left  upper  qvadrant  contains  the  left  lobe  of  the  liver,  the  etoniat 
part  of  the  transverse  colon  and  the  splenic  flexure,  the  pancreaa,  t 
upper  portion  of  the  kidney,  and  the  spleen.  The  rii/ht  lower  qtu 
rant  contains  the  cecum,  the  ascending  colon,  the  appendix  vermifor- 
mis,  the  right  tube  and  ovary,  portions  of  the  bladder  and  uterus, 
and  ahore,  at  the  end  of  full  inspiration,  the  lower  portion  of  1 


nifor- 
iterus. 
portion  of  t^^^ 
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kidney.  The  Iffl  lower  quadrant  contains  the  corresponding  tulie, 
ovary,  and  portions  of  the  bladder  and  uterus,  the  descending  colon, 
and  the  sigmoid  flexure.  It  does  not  usually  contain  the  lower  portion 
of  the  left  Icidney,  which  is  one-half  inch  or  more  higher  than  the 
right  (Holden).  About  the  center,  and  extending  to  the  periphery 
on  all  sides,  arc  the  Bniall  and  large  intestines." 


Similarly,  I  have  found  it  desirable  at  tiroes  to  take  a  middle 
urae,  and  divide  the  abdominal  circle  into  aextanta,  approximately, 
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by  iisin^r  iliree  lilies,  ouo  horizontal  and  two  diagonal  passing  through 
the  navel,  the  latter  practically  connecting  the  axillary  regions  with 
the  middle  of  Pouiiart's  ligament  on  opposite  sid^  (see  Plate  IX). 

The  anatomic  landmarks  arc  useful  in  relational  designation,  and 
an  measuring  points  for  locating  physical  signs.  The  most  reliable 
marks  are,  of  course,  the  immovahle  or  bony  ones,  especially  tin?  an- 
terior superior  iliac  spines.  Tho  ensiforni  appendix,  down-curring 
rib  bordorH,  and  pubic  symphyeis  are  also  easily  dislinguisbalile. 

The  other  principal  landmarks  are  the  Hnm  alba,  linea  gemihi- 
tuireg,  Uncie  trangversig,  and  the  utnbiliais.  Any  portion  of  Ihc  Imri- 
zontal  or  vertical  line  drawn  through  the  last  nauie^l  may  I>o  uuod  a* 
a  measuring  basia  lo  locate  more  accurately  the  result*  of  physical 
examination.  In  determining  tlie  lower  iMirdiir  of  the  liver,  or  of  the 
spleen,  when  oither  organ  is  enlarged,  we  often  speak  in  terms  o( 
one  O  in.)  or  more  fingerbreRdths  below  the  costal  margins. 

Tho  iopognipMc  anaiomij  oi  the  abdominal  aorta  needs  a  S[>ocial 
reference.  The  aorta  extends  from  a  point  midway  between  the 
upper  bonier  of  the  sternum  and  the  umbilicus,  along  the  left  of 
the  linea  alba  to  its  bifurcation,  about  J  in.  to  the  left  of  and  Ix-low 
the  umbilicua,  about  opposite  the  body  of  the  fourth  lumbar  vertebra. 
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Till'  rrhiliM-  iiri|)"i1iUUT  iUid  viiluo  of  tli(^  u;-u;d  four  methods  of 
])liy.-iiiil  cxiiiiiiiiiitiiiii  iis  upplicil  U>  tliu  llionix  are  not  the  same  as 
ajiplicd  to  llie  ahiloiiii'n  ;  llii'ir  iiiik'r  is  virlually  reversed  as  regards 
fulness  ami  cxnctiK-r^s  nf  rcsulls,  Auscullatiou  is  rarely  used,  and 
jiffurds  little  of  Vidui>;  pciviissiiin  Tiiiiy  often  lie  of  direct  and  eon- 
firniiitory  vidue,  liut  i<  sflrlr.rn  praeliscd  uiiiler  favorable  conditions; 
inspei'tiriii  and  |)alpalLon  clicil  llic  iiiore  rHialile  signs,  but  even  with 
th.'so   iiiotli'iils.    aiiat.nnic.    fiiiutional,   iUid    loiiipllcating    rcslriclions 


(;km:1!.\i.  iN;rPr:(Ti(iN 

C,— Tlu'  ]i;iliriil  -liniilt]  Vu-  iiiKiii  a  n>j;ular  examining  (able 
■Tii-li  a-  !,7iK'i'iilii;;i-:ls  i]M>.  alilioiigli  vrn  often  (he  cxainina- 

\.v  (iiaiic  wliil..  i\u-  \.:,\\.-\n  {<  ih  ]m\.  '  If  ilic  latter,  ivhen- 
!.!<■  a  iiiiiroiv  h->]  «-iil,  iinii  l.iil  i-nmfnriid.lo  mattress  should 

ami  Ihr  lir;ul  suiijinrifil  iipnii  n  iiill.nv  Ml  -.}>  to  elevate  the 
Id*',     t'aiv  slmiil.l    [,.:  lakeii  llial   i1il>  eurvieiii,  dorsal,   and 
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lumbar  spine  are  kept  straight  in  the  recumbent  position.'  Sometimes^ 
as  in  observing  the  shape  of  the  abdomen  with  a  view  to  estimating 
how  much  it  may  be  infln^iced  and  how,  by  movable  organs^  effusions, 
and  growths,  the  erect  posture  of  the  patient  is  necessary.  The  abdo- 
men must  be  exposed  completely,  from  the  lower  borders  of  the  breasts 
to  the  pubes.  It  must  be  viewed,  also,  with  a  good,  somewhat  slanting 
light,  such  as  falls  upon  the  foot  of  the  bed  from  a  window  directly 
opposite  its  head,  and  the  examiner  should  look  from  both  sides  and 
at  various  angles,  so  as  not  to  miss  slight  exaggeration  of  surface 
inequality  and  movement  which  shadows  may  cause.  Heavy  bed- 
clothing  should  not  be  rolled  down  so  as  to  dim  the  light  over  the 
lower  part  of  the  belly,  but  folded  down  far  enough  so  that  there  is 
nothing  more  than  the  thickness  of  a  sheet  or  thin  blanket  to  cover  the 
genitals  and  lower  extremities. 

The  Normal  Abdomen. — Tts  contour  in  the  average  individual  of 
medium  build  shows  a  shallow  arching,  with  the  convexity  most 
marked  at  or  near  the  umbilicus  if  the  person  is  lying  down,  or  a 
trifle  below  that  point  if  standing.  After  a  full  meal  the  upper  zone, 
especially  between  the  costal  borders,  may  exhibit  more  than  usual 
prominence.  In  infants  the  abdomen  is  relatively  larger  and  rounder; 
also  in  women  than  in  men;  with  more  subcutaneous  and  omental  fat. 
In  multiparous  women,  and  in  those  who  have  worn  tightly  fitting 
corsets,  naturally  the  lower  zone  of  the  abdomen  is  more  or  less  relaxed 
and  pendulous — toward  the  flanks  while  recumbent,  and  overhanging 
the  pubes  while  standing  erect. 

In  inspecting  the  abdomen  for  pathologic  signs,  the  following 
points  are  to  be  noted:  (1)  The  size,  shape,  and  general  contour; 
(2)  the  surface  appearances  of  the  belly  walls;  (3)  the  respiratory 
and  peristaltic  movements;  (4)  local  bulgings  or  depressions. 

(1)  Size,  Shape,  and  Contour  of  the  Belly. — These  may  be 
considered  together.  General  enlargement  of  the  abdomen  is  usually 
uniform  and  symmetrical.  It  may  be  due  to  {a)  fatty  or  edematous 
thickness  of  the  abdominal  walls;  {h)  usually  to  ascitic  distention 
(dropsy  of  the  peritoneum) ;  (c)  to  gaseous  distention  of  the  intes- 
tines (tympanites),  as  from  peritonitis,  and  in  typhoid  fever;  (d) 
and  to  enormous  organic  or  neoplastic  enlargements  crowding  the 
abdominal  cavity,  such  as  massive  uterine  fibroid,  ovarian  cyst  of 
extreme  size,  big  sarcoma,  great  hepatic  or  splenic  enlargement,  etc 
In  cases  where  the  enlargement  alters  its  shape  slightly  with  change 
of  posture,  as  increase  in  fulness  of  the  flanks  in  the  recumbent 
position,  and  more  conical  protrusion  forward,  with  the  navel  at  or 
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a  triSe  above  the  apex  in  the  erect  position,  ascitic  fluid  ts  ootnmonlf 

present.     Gaseous  diBtention  of  the  bowel?  docs  noI  cause  change  of 
abrtnminnl  fhiipc  on  <;liiiiij;iiit;  ilic  ]i;uii'iii'-  po-iiiiv.     On   very  ( 


1 


Note  the  turgid,  t 

inspection,  the  detection  of  slight  asymnietry  in  an  apparently  uni- 
formly enlarged  belly  justifies  (he  presumption  of  tumor. 

(?)  The  Abdominal  Walls. — The  various  objective  eigna  of  the 
Rkin  are  concerned  mostly  in  connection  with  general  medical  rather 
than  witli  physical  diajB[nosis  and  the  grosser  signs  also  subject  to  the 
other  methods  of  examination.  Thus,  of  the  cohr  of  the  aJcin,  it 
nted  only  be  remarked  here  that  its  pallor  or  slightly  dusky  hue,  with 
a  tense,  sraootii,  somewhat  glazed  or  slieened  appearance,  is  quite  char- 
acteristic of  ascites.  If  at  the  same  time  a  number  of  enlarged  and 
tortuous  veins  radiating  about  the  navel   {caput  Mrditsie)  are  i 


METHODS  OP  ABDOMINAL  EXAMINATION   369 

and  if  the  umbilicus  levels  up  or  protrudes^  the  presence  of  fluid  in 
the  peritoneal  sac,  due  usually  to  atrophic  cirrhosis  of  the  liver,  is 
undoubted.  Striai  or  linecB  albicantes  may  also  be  seen,  bluish  or 
slightly  reddish  at  first,  as  accompaniments  of  prolonged  skin-stretch- 
ing due  to  ascites  as  well  as  to  pregnancy. 

A  retraction  or  sinking-in  of  the  abdominal  walls  is  usually  assor 
ciated  with  the  appearances  of  great  emaciation  and  of  a  parchment- 
like hardness  and  color  of  the  skin.  It  may  be  due  to  a  tuberculous 
enteritis  or  peritonitis,  a  basilar  meningitis  (usually  tuberculous),  or 
to  cancer,  principally  of  the  gastro-intestinal  tract  or  peritoneum. 

(3)  Movements. — These  may  be  respiratory,  peristaltic  (gastric 
and  intestinal),  and  circulatory, 

Kespiratory  abdominal  movements  are  naturally  less  marked  in 
women  than  in  men,  and  more  marked  in  infants  than  in  adults. 
Increased  respiratory  movements  are  compensatory  to  diseases  of  the 
upper  thorax  which  interfere  with  free  and  full  expansion.  Dimin" 
ished  movements  indicate  diseases  below  the  diaphragm  accompanied 
with  peritoneal  pain,  general  or  local,  distention  of  the  alSdomen  by 
large  tumor,  etc.,  or  paralysis  of  the  diaphragm. 

^Vbnormal  peristaltic  movements  suggest  chronic  pyloric  or  intes- 
tinal obstruction  or  stenosis,  often  due  to  cancer.  However,  in  certain 
thin  persons  with  relaxed  abdominal  walls,  comparatively  healthy  but 
nervous,  one  may  not  infrequently  witness  slowly  undulating  ver- 
micular movements  passing  beneath  the  walls,  particularly  after  some 
such  surface  excitant  as  a  tapping  or  filliping  with  the  finger,  press- 
ing with  a  cold  hand,  or  brushing  lightly  with  the  end  of  a  towel 
wrung  out  of  cold  water. 

Visible  movements  in  the  left  upper  quadrant  are  presumably 
caused  by  dilation  of  the  stomach,  the  condition  pointing  to  obstruc- 
tion of  the  pylorus.  Waves  creeping  around  the  umbilical  region 
indicate  swollen  small  intestines,  with  the  obstruction  at  or  near  the 
ileo-cecal  valve;  those  following  a  circumferential  route  along  the 
colon,  and  in  a  reverse  direction  from  the  gastric  ones  (left  to  right), 
suggest  obstructive  disease  at  or  near  the  sigmoid  flexure. 

Vascular  movements  may  be  communicated  to  tl^e  abdominal  wall 
directly  or  indirectly  by  the  aorta,  causing  epigastric  or  umbilical 
pulsations.  The  latter  are  often  seen  in  nervous,  tense,  thin  subjects, 
especially  women.  Or  they  may  point  to  aneurism,  or  to  a  carcinoma- 
tous or  sarcomatous  growth  of  the  pylorus,  intestine,  or  mesenteric 
glands  overlying  the  aorta  and  transmitting  the  pulsationB.  Vascular 
pulsation  of  the  liver  is  sometimes  visible  in  the  right  upper  quad- 
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raut  sj-nchmnoUB  with  llic  apox-bcat,  and  anwKiatcd  willi  tricajpul 
insufficiency  due  to  various  causes. 

(4)  Local  Abdominal  Em-AUGEMENTs. — Tlicse  are  very  impor- 
tant, although  more  amenable  to  palpation  than  to  inspection,  and 
will  be  more  fully  discussed  under  that  head.  Circumscribed  (Ii^ti--n- 
tjons  of  the  belly  may  occur  in  any  n^on;  they  may  be  nodolar  and 
the  eize  of  n  mit,  or  as  large  and  irreguiar  in  outline  a»  a  fist  or 
pumpkin ;  they  may  be  fixed  or  movable,  according  &s  they  may  be 
atTccted  by  reapiralion  and  posture;  they  may  appear  to  be  a  part 
of  or  attached  to  viscera,  or  indopendont  neoplasms,  or  inflatnnialorr 
exudatious.  Visible  culargcmcnt«  in  the  rigkt  iipprr  scxlanf  a«.'  usu- 
ally hepatic  or  choltx^yxtii--,  and  movable  witii  respiration ;  rarely,  a 
movable  right  kidney  nmy  also  be  seen  to  cause  ifligbt  liulging  of 
th«  AtKioniinai  wall.  In  Ihe  miMh  upp^r  nfxtanl  the  most  comraon 
protrusions  are  due  to  pyloric  cancer;  less  common  are  pancreatic 
growths  and  luiourism.  In  llw  le/l  uppiT  Mxttinl  splenic,  gastric, 
and  colic  tumors  are  most  often  found.  Cecal  tumors  and  appen- 
diceal abscesses,  as  well  as  ovarian  enlargements,  cause  local  swell- 
ings in  the  rir/hl  lowfr  seiianl  most  frequently,  althougli  I  have 
seen  displaced  kidney  is  tius  rtigion  several  times.  The  causes  of 
visible  bulging  in  the  miMh  Imvtr  sextant  may  be  tumors  of  the 
small  bowi'l.  incsciitcric  prowllis.  uterine  anil  vesical  enlargements. 
In  the  /(•/(  loifir  M'.ilnnl.  sigmoid  tumors  and  fecal  impactions,  ova- 
rian and  omental  growths  appear. 

Local  dtci'Ukssioxs  are  rare,  but  may  occur  in  the  right  or  middle 
lower  suxtiuUs  from  cbnmic  I'dilniiiHw  with  circumscribed  adhesions. 


I'AI.I'ATION 

Kmiwli'ilp'  of  ilic  value  iiiul  mode  of  |mIpation  alone  will  not 
suliicc  I'oi'  a  icriiiiu  di'llciency  in  knack,  which  cannot  be  described; 
iiul  a  j.'<"iil  liasis  for  acijuiriiifr  skill  in  |ifaclisiiig  this  method  of 
obtainiTi;!  ami  iriliT|iri'liii;:  ])liy-ical  si^iis  shouhl  be  gotlen  by  careful 
atlciition  l<.  a  trw  \vMlu'^  facl>  and  ;!iii<liii-  luiiifiples. 

'J'hc  p'jsilioii  uf  Ihr  i,„lin,i  is  of  fi,>L  iuipurliiiicc,  the  object  being 
Ui  have  llie  aiiilomiiiiit  uiusclcs  as  relaxed  as  iwssible.  Hence,  the 
recumbent  posture,  wiib  the  bead  and  shonblers  slightly  elevated, 
souietiuies  with  the  kTicis  drawn  up.  bul  uol  aiwavs,  ;is  manv  |)aticnts 
rrlax  li-  lh:iii  wbcu  (be  lc>rs  are  exli'udra,  aud  ibi'ir  .levalion  inav 
111.'  in  ihi'  way  of  (he  examiner's  arms,  or  lliiow  a  shadow  over  the 
exposed  alidunicn  which  is  not  satisfactory,  as  Wv:  wl's  work  with  the 
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hands  during  manipulation.  Having  the  patient  breathe  quietly  with 
the  lips  slightly  parted  aids  in  softening  the  belly  walls  automatically 
and  psychically  by  diverting  his  attention.  In  nervous,  timid,  and 
ticklish  patients  it  is  often  necessary,  before  going  on  with  palpation, 
to  divert  the  mind  by  engaging  in  conversation,  feeling  the  pulse 
with  the  other  hand,  observing  the  tongue,  palpating  gently  elsewhere 
than  over  the  particular  region  of  purpose,  and  so  on.  In  urgent 
and  extreme  cases,  anesthesia  may  be  required. 

Tlie  hand  of  the  examiner  should  be  warm,  so  as  to  avoid  reflex 
contraction  of  the  abdominal  muscles.  The  first  touch  should  be 
the  placing  of  the  whole  hand  upon  the  abdomen  with  light  pressure, 
and  then  gradually  passing  it  over  the  surface  with  circular  move- 
ments and  increasing  pressure  with  the  palmar  aspect  of  the  fingers, 
so  as  to  accustom  the  patient  to  the  palpation,  and  not  resist  the 
deeper  and  more  detailed  investigation  to  follow.  Poking  bruskly 
with  the  finger-tips  in  vertical  fashion  must  consistently  be  avoided 
if  the  examiner  wishes  to  retain  the  confidence  of  his  patient.  There- 
fore, also,  painful  and  tender  areas  should  be  ascertained  before  touch- 
ing, as  nearly  as  possible,  by  heeding  the  patient's  references,  so  that 
their  exact  location  may  be  determined  last,  otherwise  considerable 
tenseness  and  reflex  irritability  of  the  walls  may  ensue  to  restrict 
and  confuse  the  doctor.  Slightly  deeper  pressure  and  digital  grasp 
is  often  afforded  at  the  end  of  the  expiratory  movement  of  the  belly 
wall,  with  apparently  greater  natural  tolerance.  Sometimes,  when 
the  resistance  of  the  abdominal  wall  is  especially  marked,  two  hands 
may  be  employed,  one  on  top  of  the  other,  with  the  finger-tips  of 
the  superix)sed  hand  resting  back  of  the  nails  of  the  under  hand,  a 
reenforced  pressure  thus  being  maintained  during  several  respirations 
while  the  lower  hand  is  gaining  impressions  steadily.  This  method 
is  often  necessary  in  exploring  the  upper  middle  region  of  the  belly, 
because  of  the  contracted  recti  muscles  and  the  central  and  lateral 
tendinous  ridges  bounding  them  longitudinally.  Good  relaxation  may 
also  be  obtained  in  many  intractable  instances  of  abdominal  rigidity 
by  making  the  examination  while  the  patient  is  nearly  stretched  out 
in  a  tub  of  hot  water,  the  temperature  of  which  has  been  raised  grad- 
ually from  100**  to  about  110**  or  115°  F.,  the  patient  being  immersed 
meanwhile.  Further  special  points  in  palpation  will  be  mentioned 
in  connection  with  the  conditions  and  organs  to  which  they  are 
applicable. 

In  palpating  the  abdomen  we  seek  information  on  the  following: 
(1)  The  wall  itself;  (2)  general  enlargement  and  retraction;  (3) 
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local  bulgings  or  depressions  (rare) ;  (-1)  pulgationa,  and  iiiovemenu 
due  lo  rC'ripiratioii  mid  peristalsis. 

(1)  The  Abdominal  Walls. — The  skin  may  lie  smooth  and  tful 
doughy  or  piilty-llkc.  piirtieularly  at  the  sides  of  tho  belly,  t»ecfliiw 
of  edema.  Tho  prnjjortion  of  fnl  and  the  tkicfcnMK  fjf  the  walU  majr 
he  estimated  hy  grasping  Ihem  upward,  lielaxation  and  thimiiiig  of 
the  walls  are  characteristic  after  pregnancy,  dropsy,  and  in  old  a^' 
and  during  the  progresB  of  visceral  carcinoma.  The  bid  lies  of  the 
recti  niuwies  may  majiifest  a  general  riguUiij  in  nervoiia  nud  ticklish 
individuals,  in  tetanus,  muticular  rheumatism,  and  peritonitiB.  Very 
oftifn  a  lacai  contradion  of  ahdominal  muscle  is  significant  of  local 
peritonitis,  of  appendicitis  especially  when  the  riglit  rectus  is  »n 
affect«l.  These  so-caSled  raiieeular  tumors  differ  from  rtwl  growths 
in  their  variable  resistance,  since  they  rela.\  and  liarden  allt'mattilv. 
arc  not  movable  as  most  intra-abdominal  tumors  ore,  and  give  ihe 
impression  of  being  superficial. 

Other  paipahle  irregularities  may  be  ahsccssus,  occasionallj  of  tu- 
bercnlous  origin;  hcrnur.  epigaetric,  umbilical;  neoplattms,  ouch  ah 
the  lipomas  or  soft  fatty  tumors,  or  sarcomas;  gi-primlitm  of  the  redi 
mvcles,  causing  a  soft  projection  in  the  median  line,  best  demon- 
strated in  bending  the  head  and  shonldera  forward  whito  lyinR  on 

Mir   l.il.-k;    lhul-r„l,n,.    fLnilUm.   nX'l   rrtnu  l>\,„    „f    Ihr    U,„lnli,-„s.    <,,-- 

g(Mi\v  .pI'  liiln'rciilnsis  nr  cmicor  of  lli.'  ix-rilniieum  or  liver.  The 
hernias  may  lie  rr.i>gni»d  by  their  soft,  air-.'uslii.m  fwl,  will,  line 
gurglin;;  M^nsation  on  pn-ssuri'.  their  rediiciliilily,  their  inercnsed  ti-n- 
sioii  and  carnMuniiisilecl  impids,-  on  c-iiaghiiifr.  and  the  tynipaiiilic 
pLTi'ussi.in  TU'li-.  !,i|"iaias  ;ii-e  sol'i.  hut  fei'l  lleshv,  ai-e  nioro  or  less 
movahle  under  tlie  .-kin.  and  shmv  llieir  l.ilmlated  s'lruelurc  by  c-juising 
liny  depressions  or  diai|.]infrs  in  ilie  overlying  skin  when  it   is  drawn 


( •,' )  General  Enlargement  of  the  Abdomen 
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intestines^  producing  the  condition  known  as  meteorism  or  tympanites, 
the  abdomen  is  arched  like  a  barrel^  feels  tense^  although  slightly 
resilient^  and  is  accompanied  with  exaggerated  thoracic  and  impeded 
cardiac  action.  The  causes  of  moderate  distention  are  often  dietetic 
or  gastro-intestinal ;  in  children,  usually  due  to  the  too  free  feeding 
of  starchy  preparations,  and  in  adults  to  similar  and  sweet  and  fatty 
foods,  such  as  oatmeal,  hot  breads,  rich  soups,  fried  meats  and  pota- 
toes and  sweet  potatoes,  beans,  pastry,  bananas,  etc.  There  may  be 
a  congenital  dilation  of  the  colon  with  more  or  less  permanent  flatu- 
lence, or  the  dilation  mav  be  due  to  intestinal  obstruction  low  down. 
I  once  saw  an  enormous  abdominal  enlargement  in  an  aged  minister, 
in  whom  the  rectal  tube  could  not  be  passed  more  than  six  or  eight 
inches,  and  where  the  autopsy  showed  great  distention  upward  and 
inward  of  the  sigmoid  loop,  which  was  kinked  and  t>visted  (volvulus) 
at  the  pelvic  rim.  Typhoid  fever,  peritonitis,  and  hysteria  may  also 
give  rise  to  v^^evere  gaseous  distention  of  the  bowel.  In  a  few  cases 
the  general  distention  may  be  caused  by  free  gas  in  the  peritoneal 
cavity,  the  result  of  a  perforated  gastric  or  intestinal  ulcer,  or  appen- 
dix, or  of  infection  from  the  gas-forming  bacillus.  In  such  instances 
the  lateral  liver  dulness  is  apt  to  disappear  when  the  patient  lies 
on  the  left  side,  the  gas  then  being  free  to  diffuse  between  the  liver 
and  llie  ribs;  similarly  with  respect  to  the  splenic  dulness  when  the 
patient  lies  on  the  right  side. 

Fluid  distention  of  the  peritoneum  is  proven  partly  by  the 
increased  sense  of  resistance  without  the  drumlike  resilience,  but 
mainly  by  the  detection  of  fluctuation.  This  is  elicited  by  applying 
one  hand — feeling  principally  with  the  finger-pulps — to  one  side  of 
the  belly,  while  the  other  side  is  tapped  gently  but  with  quick  impact 
by  the  palmar  surfaces  of  the  fingers  of  the  other  hand.  If  this  is 
done  near  the  supposed  level  of  the  fluid,  the  former  hand  receives 
the  impression  of  the  wave  propagated  by  the  percussion  tap  of  the 
latter.  Sometimes  the  lightest  touch  of  a  single  finger  suffices  to 
develop  fluctuation.  If  this  sign  is  not  demonstrable  in  the  flanks, 
one  may  find  it  lower  down  and  nearer  the  middle  line.  In  stout 
individuals,  who  are  at  the  same  time  apparently  ascitic,  the  wave 
may  actually  be  one  of  flabby  fat  simulating  the  liquid  one;  The 
possibility  of  error  may  be  eliminated  by  having  the  patient  or  an 
assistant  apply  the  ulnar  edge  of  tlie  hand  longitudinally  over  the 
linea  alba,  which  thus  cuts  off  the  superficial  wave.  The  liquid  fluc- 
tuation of  ascites  is  also  visible  in  its  travel  across  the  abdominal 
surface.    If  the  amount  of  fluid  in  doubtful,  undistended  cases  gives 
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rise  even  to  no  local  llocluation  in  the  sitting  or  rwnmbfnt  posturp?. 
it  may  \it:  cliciti.il  iu  Iho  umbiliciil  rvgioQ  wtiitv  the  patient  a:idume> 
the  knee-chest  position. 

The  Muaea  of  asdte»  are  principally  cirrhosis  of  the  liver,  and  the 
later  elages  of  chronic  cardiac  diliilion  horn  valvular  lesions,  and 
renal  disea-se  with  general  dropsy.  IjOss  fn'ijiientiy  oct^iirring  etiologic 
factors  are  interference  with  the  [M»rtjil  circnlalioii  lij-  a  tlirombtiJi  in 
the  portal  vein,  or  by  pressure  from  without,  as  an  Hltdnminal  ttiniot; 
interference  with  the  general  venous  circulation  by  pulmonarr  em- 
physema (advani^-d).  and  chronic  tuberculous  and  cancerous  iuflttm- 
mation  of  the  peritoneum. 

Solid  general  distention  of  the  abdomen  from  tumor  may  be  in- 
ferred palpably  hy  the  finn,  unyielding  resistance  to  pressure,  the 
more  or  less  perceptible  irregularity  of  outline,  and  somelimes  bo^i^l- 
lation  or  nodulntinn  uf  surface,  more  marked  lulerftl  than  anterior 
projection  at  times,  and  the  a!)sence  of  Huctuation. 

Among  the  most  coiitinori  onjanic  and  neoplastic  catiaett  of  general 
abdominal  distention  are  the  following:  great  enlargementH  of  ibi.- 
liver  (cancerous,  amyloid,  leukwmic,  malarial,  etc.) ;  spli-on  (malarial, 
leukemic,  amyloid) ;  kidney  (sarcomatous,  cystic) ;  diltttion  anil  pnr- 
lapse  of  the  stomach  {gtutredatis,  gastnpUuU) ;  ovarian  anrl  parnva- 

mala  nml  .-iiMnnuilii ;  mocnierii.'  di.Hsi-e,  i-nnccrouii  opcciully.  Caution 
i-  iil\v;i\.-   lur^'ssiry  iml    In  iiii^tiikf  u   hirjic  pregnancy  for    a    tumor 

General  retraction  of  ibf  iil>doiiR'n  is  usunlly  acconipaniod   with 

iiiiirkcil  -riiNilinN  oT  n>i>tinin',  llijckrn'--,  oT  lnuirdlike  hardness  some- 
liiiiis.  1  li;i\r  fiiiiiiil  it  L'iiiinicli'risiiu  of  chronic  Uibcrculo.sis  of  the 
|iiTiruiiiiiin  iuid  iiiir-iiiic-;  Mniiciviiiii  iil'  ^ri'iiiTaJ  aixlominai  carcino- 
sis, Milli  ;i  sort  of  l"igi:incs,-  U>  iJie  tmuii ;  iiiid  ulso  of  chronic  lead- 
li'.ix.iiiii^'  «iili  rolic:  in  tbildrcn  with  Uiljurciilous  Tiicuingitis,  and 
iu  uinciilal  iiilcrslinul  or  Liiiii.!.'r(.ns  iliiikciiiiiy,  particularly  resistant 
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I   Local  Enlai^ements. — Tin'  dilrclion  nf  liiesc  is  of  the  first 
liuii'c  ill   llie  |)al|iiLtioti  „f  ih>-  ■.i\ii\ninvu.     '['\w  following'  points 
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indicate  the  main  characteristics  of  the  local  swellings  likely  to  be  met 
with  by  classifying  them  regionally. 

Epigastbio  Seoion,  or  Middle  Upper  Sextant. — Here  as  else- 
where it  must  be  determined  first  whether  the  tumor  is  in  the  abdom- 
inal wall  or  in  the  abdominal  cavity;  and  also  whether,  if  in  the 
abdominal  wall,  it  is  really  a  growth  or  simply  a  localized  spasmodic 
contraction  of  a  belly  of  the  rectus  muscle.  If  the  latter,  gradual 
relaxation  with  continued  moderate  pressure  may  be  felt,  and  repeated 
and  exaggerated  contraction  may  be  elicited  by  flicking  the  overlying 
skin,  or  by  having  the  patient  attempt  to  lift  the  head  and  shoulders 
from  the  dorsal  position. 

If  the  bulging  is  really  a  tumor  in  the  wall  of  the  abdomen,  both 
may  be  partially  or  completely  grasped  and  lifted,  whereas  an  intra- 
abdominal tumor  slips  from  under  the  seizure  of  the  abdominal  wall^ 
and  eludes  the  palpating  fingers  more  readily  than  when  the  wall  is 
not  so  manipulated.  Mural  swellings  in  this  region  may  be  abscesses 
or  fatty  growths. 

Distention  of  the  stomach  from  food  or  gas,  or  from  perma- 
nent dilation  due  to  cicatricial  (healed  gastric  ulcer)  or  cancerous 
stenosis  of  the  pylorus,  may  be  noted  here,  although  the  latter 
condition  is  more  commonly  palpal)le  lower  down  and  more  to 
the  left.  A  large  jmrictal  cancer,  such  as  the  colloid  variety,  may 
also  ])e  felt  in  this  region  as  a  diffuse,  firm  mass;  likewise  a  pyloric 
tumor. 

Pancreatic  cyst  and  cancer  may  be  felt  by  deep  palpation. 

Liver  enlargements,  such  as  cancer  nodules,  hydatid  cysts,  abscess, 
gumma,  and  downward  displacement  of  the  left  lobe,  occur  here. 
They  are  superficial  and  move  with  respiration. 

Aortic  aneurism  is  told  by  its  round,  firm  outline  and  expansile 
pulsation. 

The  transverse  colon  may  exhibit  distention  (soft,  doughy  sensa- 
tion) or  tumor. 

The  gall-bladder  may  be  distended  with  pus  or  calculi  (right  side 
of  epigastric  region) ;  if  the  latter,  some  crepitus  may  be  felt. 

The  lesser  peritoneal  cavity  may  contain  an  ejffusion. 

There  may  be  enlarged  mesenteric  or  retroperitoneal  glands^  from 
tuberculous,  cancerous,  or  'Hodgkin's  disease.  In  these  cases  not  in- 
frequently aortic  pulsation  may  be  transmitted. 

Hepatic  Region,  or  Right  Upper  Sextant. — iiver  enlarge 
ments  of  all  forms  are  palpable  here;  for  example,  passive  oongestion, 
fatty,  amyloid,  malarial,  canoeraus,  leukemic,  syphilitic  liYer,  hydatid 
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discaj^f,   liypLTtrojihif   cirrhoeis    {biliary,   or_  Uil-   lirst   singe    of    tho 
atrophic  form),  and  abscess. 

Distended  gall-bladder  may  be  due  to  liydrops,  pus,  concretions, 
cancer.  TTie  viscus  is  offi-u  pcur-shapod,  and  may  be  swung  in  a 
short  arc  of  circle  whose  radius  is  tlie  length  of  the  enlarged  organ. 

Subdiaphragmatie  abscess  may  he  the  cause  of  a  boggy  bulging. 
A  perinephric  abscrsx  likewist!. 

The  hepatic  flexure  and  adjacent  portions  of  the  ascendinff  and 
transverse  colon  may  be  the  scat  of  canctir  or  fecal  impactions. 

Movable  kidHfi/  and  renal  enlargements  palpable  here  may  be 
hydront'phroais,  pyonephrosis,  sarcoma,  cystic  growth,  rarely  cancer 
of  the  suprarenals,  or  hypernephroma. 

Appenbickal  Region,  ok  Right  Lower  Sextant, — In  this  *-ery 
important  area  of  modern  medical  and  surgical  attention,  in  the  first 
place,  conditions  in  the  belly  wall  mu.*t  be  studied.  Thus,  fisoas 
abscess  due  to  tuberculous  carii-s  of  the  vertebne  may  point  here 
low  down.     Inguinut  hernia  i«  also  of  common  owurrenc-c. 

Pericecal  or  periappendiceal  abscem  may  be  felt  after  the  first  two 
or  three  days  of  a  severe  acute  appendicitis.  There  is  an  imlistim-t 
reeiatant  .sense  of  fiuctuatioiL  Chronic  appendidlis  may  be  palpated 
ns  a  small,  fiausafjc-slmppd  (itmnr,  or  in  those  with  fhin,  reln?;c<l 
hellv  walU.  il^  -A  innlliku  tliick.^nin^'. 

'F»'r<,l    Imp'irti'.ii    ill   l!ic  (-(.riiin,   wilh 
(y)>)ilili.s    or  ul.s.rss,    may    k    palpnblc  li< 
d-m^liy.  Ilnii  iiia-s,  witli  or  willmitt  tend.T 
I'jKln-olllh.^  may  al.<n  mrur. 

Caurir  n[  the  tciaiiii  and  iiswrnliiig  colon  cau.scs  a  hard,  irregular 
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■  l.owcl.  a-'socialcd  wilh  a  straining  in  deA>catc. 
fflt  nearer  the  Oiivel  than  llic  other  swellings 

fiiiiii.  may  ]irnji>ct  in  this  area  as  a  large  mass. 

lint  at  all  itil']V(|Ui'iuly  jiiilpable  here. 
:<■  .'„l,n-<,rm-'„ls  may  l)i>  p;il|iable  in  this  region: 

.■^irrllini/y.  as    |iii-   tu\><-<   nf  largo  size;    pelvic 

pn-.n-.nfir.    I'rh-lr  l,ril."l»rrlr.      TuiUOrs    of    the 

y    lini,    wlirii    -mall   and    l.nvly   palpable.      As 

Ikv  i,,av  l".-,>im.  ^nm.'»liiii  ■■lactic  in  feel,  and 
.^Iil■  lluihialiiHi  [(lav  !"■  rli,-l!,nl.     The  enlarge- 
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litic  origin.  The  other  pelvic  swellings  also  occur  in  the  lower  half 
of  this  region^  nearer  the  median  line  than  the  perityphlitic  tumors. 

Pelvic  or  Pubic  Region^  or  Lower  Middle  Sextant. — Swell- 
ings here  may  be  due  to  distended  bladder,  fibroid  or  pregnant  uterus, 
tuberculous  peritonitis,  and  the  pelvic  enlargements  mentioned  in  the 
previous  paragraph.  A  long  and  inflamed  appendix  may  sometimes 
be  found  in  the  right  side  of  the  pelvic  region,  and  this  area  may 
project  as  a  part  of  a  diffuse,  baggy  bulging  of  the  lower  zone  of  the 
abdomen  from  dilation  of  the  stomach  and  gastroptosis. 

Sigmoid  Region,  or  Left  Lower  Sextant. — Near  Pouparfs 
ligament  one  may  palpate  hernia,  enlarged  glands  (syphilis,  cancer, 
Hodgkin's  disease),  and  psoas  abscess.  Carcinoma  of  the  sigmoid 
flexure,  hard  fecal  accumulations,  and  perisigmoidal  abscess  may  all 
be  palpable  here.  Volvulus,  and  rarely  a  displaced  kidney  or  spleen, 
may  occur.  In  women,  near  the  inner  portion  of  this  area  the  ovarian 
tumors,  broad-ligament  cysts,  hematomas,  and  intussusceptions  may 
be  met  with. 

Splenic  Region,  or  Left  Upper  Sextant. — One  may  feel  here 
an  enlarged  or  dislocated  spleen;  a  mobile  kidney;  a  gastric  cancer  or 
dilated  stomach;  renal  tumors,  as  cystic  kidney  and  perinephric  ab- 
scess; local  peritoneal  effusions;  and  cnterolitlis  or  impacted  feces 
in  the  splenic  flexure  of  the  colon. 

Um]jilical,  or  Central  Region. — Umbilical  hernia  is  frequently 
perceived  here,  especially  in  young  children.  It  is  soft,  and  often 
feels  like  a  little  air-bladder  with  tissue-paper  walls,  which  presses 
out  against  the  finger  with  coughing  and  crying.  A  hard,  cordlike 
adhesion,  tender  to  the  touch,  and  usually  associated  with  colicky 
attacks,  is  too  often  overlooked.  The  attachment  may  be  a  fetal 
remnant  or  an  omental  adhesion. 

Also  palpable  here  may  be  the  following:  dilated  stomach,  large 
pyloric  cancer,  which  has  dragged  the  stomach  downward;  floating 
kidney,  spleen,  or  liver;  prolapse  and  tumor  of  the  colon;  the  soft, 
pendent  bulging  of  general  enteroptosis ;  the  hard,  nodular,  or  lumpy 
mass  of  retroperitoneal  sarcoma;  enlarged  mesenteric  glands  (cancer 
or  tuberculosis) ;  shrinking  and  thickening  of  the  omentum  from 
chronic  peritonitis,  cancerous  or  tuberculous  growths;  hydatid  liver 
disease  or  tumor  of  the  gall-bladder;  and  the  expansile  pulsationa 
of  saccular  or  spindle-shaped  aortic  aneurism. 

(4)  Fulsationfl  and  Beipiratory  and  Feristaltio  Movements. — ^The 
PULSATIONS  OF  THE  AORTA  have  already  been  pointed  out  in  connec- 
tion with  palpable  aneurism  in  the  regions  (epigastric  and  umbilical) 
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in  which  it  may  occur.  It  is  not  uncommon,  also,  in  palpate  a  marked 
aortic  pulsation  along'  the  whole  of  its  abdominal  course  in  two  classi'd 
of  patients,  namely,  thin  young  women  of  neurotic  and  hysteric  ty(»e, 
sometimes  of  the  relaxed,  tuberculous  type,  and  those  advanced  in 
years,  men  and  women,  liaving  tense,  sclerotic  aorlw. 

The  HEai'iRATORY  stovEMENTS  of  the  abdoiiiinai  walls  are  exag- 
gerated and  jerky  in  nervous  conditions,  which  may  be  temporary  and 
di8ap]>ear  with  diverting  conversation  and  suggestion;  they  are  dimin- 
ished in  painful  diaeaj^es  of  the  peritoneum  of  general  or  local  char- 
acter and  origin,  in  lead-colic,  large  tumor  niaseea,  etc. 

The  slow  TERMicrLAR  Mo\T.MEyTS  of  peristalsiii  are  seldom  felt 
HB  easily  as  they  are  seen.  They  signify  some  chronic  obstruction  of 
the  pylorus  usiially  when  in  the  upper  zone  of  the  abdomen,  nr  a 
similar  condition,  as  cancer  of  the  intestine,  when  in  the  middle  of 
lower  zoue^.  ^H 

PERCUSSION  ^H 

7*^6  technic  of  aMominnl  percnnnion  does  not  differ  from  that  ttt 
thoracic  except  that,  aa  a  rule,  very  light  strokes  are  advisable  to 
prevent  overlooking  small  areas  of  dulness  because  of  the  ease  with 
vhifh  adjacent  tympsny  may  be  elicited. 

TIlP  XniniAL,  r.KNKItAI,  AIlIMUnvM,  MITK  i-',  of  C-iur^ie,  TYMPAN- 
ITIC. It  TiiriiN,  however,  as  lo  pitch  ami  inleiisity,  as  well  as  clearness, 
ill  diffci-ent  rc-rions,  nccnnling  to  Ihe  iiuil<Tlying  volume  of  vlscus 
percussed,  and  its  di^frree  of  empliiR'ss  of  liquid  or  solid  material. 
Thus,  over  the  siiiall  inleslines.  around  llie  uiuhilical  area,  the  tym- 
panieily  is  higher  pitched  and  not  a,''  lond  mid  clear  as  over  the  colon, 
nor  over  the  latter  as  conipareil  with  the  i>iu|ily  slomach.  The  degree 
of  tension,  also,  alTocts  the  tyui]);uiitie  sound — tlio  jrroater  the  tension 


the  higher  the  pilch 
stomach,  large  juiil  small  liowcl  by  pe 
borders,  because  of  the  numerous  variati 
may  a(T<'i't  one  or  nioi-o  portions  of  fbc 

In   llie  u[iper  part   of  the  cpiga-^lrii 
owing  1.1   Ibe  preseiirv  of   (be  left   lobe 


ult  to  diffcR'ntiate 
on  near  their  anatomic 
1  size  and  tension  which 
ntnry  tract. 

uiiddlo  upper  sextant), 
-  liver,  light  percussion 


l':> 


uen  generally  is 
I  peritonitis  and 

of  the  stomach. 

ul.rr  (lyph.>id. 
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Ast^iTES. — TIiP  commonest  cause  of  more  or  less  generalized  dul- 
DL'ss  on  percussion  of  the  belly  in  fluid,  usually  dropsical,  in  llic  peri- 
toneal sac.  The  loca- 
tion, size,  and  outline  of 
the  duloess  depends,  oli- 
vious'ly,  upon  the  quan- 
tity of  the  fluid  prer^ont. 
and,  since  it  gravitate-; 
to  the  lowest  portion-, 
upon  the  position  nf  tin- 
patient.  Hence,  when 
the  dorsal  decubitus  is 
assurued,  dnlnesa  is  eliu- 
itix!  in  the  flanks  if  the 
effusion  is  f^uliicient  to 
riw  aliove  the  level  of  the  heavy  lateral  iriu^cles.  and  over  a  narrow 
Kone  at  the  lower  part  nf  the  liclly.  'i'lic  niidille  part  givea  tympanitic 
Miund  due  to  the  floated 
limvels.  In  certain  large 
individuals  with  large- 
euliiierod  bowels  and  but 
moderate  amount  of  liq- 
uid, although  slight  bulg- 
ing in  the  flanks  may  be 
visible  and  local  fluctua- 
tion he  palpable,  tym- 
pany instead  of  dulness 
may  bo  demonstrable 
here  nevertheless.  When 
the  patient  lies  upon 
■  the  flank  of  the  upper 


(Butler.) 


cither  side,  tympanitic  sound  is  elicited  ( 
side  where  in  the  recumljent  posture  dulness  was  found.  In  the  stand- 
ing position  the  dulness  is  confined  principally  to  the  lower  half  nf 
the  abdomen,  in  the  median  and  parasternal  lines  reaching  upward 
to  the  level  nf  the  navel,  but  seldom  higher. 


.AUSCULTATION 

Auscultation  of  the  abtlomen  in  general  practically  gives  no  in- 
formation of  any  decided  value.  Any  significance  attaching  to  the 
sounds  produced  in  the  gastro-intc^tinal  tract,   and   both  the  liver 


and  Mpleun,  will  be  narrated  briefly  in  referring  to  these  organs 
epeeifically. 

In  regard  to  the  peritoneuni,  friction  bounds  or  a  soft,  rustling 
I'liBPiTua  may  be  heard  wheneTer  a  plastic  inflammatory  exndatu  of 
extensive  nature  involves  its  t^urface  where  the  respiratory  movements 
may  be  communicated;  hence  is  more  often  heard  over  the  liver  and 
spleen,  an  a  perihepatitin  or  perisplenitis,  or  a  subphrenic  peritonitig. 
Creaking  and  ermiipling  sounds  are  sometimes  audible  in  ca^es  of 
old,  adhesive  peritonitis,  often  of  pelvic  origin,  or  fine  crackles  may 
be  heard  over  the  cecum  in  perityphlitis. 

VABOL'LAii  sotJNDa  occur,  t^ach  as  the  bruit  of  aortic  aneurism 
(systolic),  presi^ure  murmurs  (also  pystolic)  due  to  groft-ths  encroach- 
ing upon  the  aorta,  and  the  hemic  murmurs  of  marked,  as  pernicious, 
ancniiu.  A  systolic  bniit  in  the  epigastric  region  has  been  observed, 
u:«sociated  with  expansile  pulsation,  in  which  the  canae  was  undoubt- 
edly a  distended,  displaced  gall-bladder. 


U 


SECTION  VI 

THE  PRINCIPAL  SPECIAL  ORGANS  OF  THE 

ABDOMEN 


CHAPTER    XVII 
THE  STOMACH  AND  INTESTINES 

TOPOGRAPHIC  ANATOMY   OF  THE   STOMACH 

The  stomach,  pear-  or  flask-shaped,  slopes  a  little  obliquely  down- 
ward from  its  larger  (cardiac)  or  left  end  to  the  right  or  pyloric 
end,  so  that  about  five-sixths  of  the  organ  lies  to  the  left  of  the 
median  line  of  the  body.  Tlie  upper  limit  of  the  fundus,  where  it 
fits  into  the  dome  of  the  diaphragm,  reaches  to  the  fifth  rib  in  the 
nipple-line,  behind  the  apex  of  the  heart.  The  fundus  is  adjacent 
to  the  spleen  and  left  kidney,  and  is  partly  overlapped  in  front  by  the 
lower  lx)rder  of  the  left  lung,  the  heart,  and  the  left  lobe  of  the  liver. 

The  cardiac  orifice  lies  back,  or  possibly  ^  to  1  in.  to  the  left,  of 
the  sternal  junction  of  the  seventh  costal  cartilage.  It  is  at  least 
4  in.  from  the  anterior  surface  of  the  body. 

The  lesser  curvature  bows  downward  in  passing  to  the  right  from 
the  cardiac,  then  ascends  with  a  short  curve  to  the  pylorus.  It  also 
lies  deeply,  and  is  adjacent  to  the  pancreas,  above  and  behind. 

The  pyloric  orifice  is  more  superficial  than  the  cardiac  orifice,  and 
also  more  movable.  It  lies  in  or  slightly  to  the  right  of  the  middle, 
or  even  the  right  sternal  line,  from  1  to  2  in.  below  the  tip  of  the 
ensiform  cartilage.    It  is  directly  behind  the  liver. 

The  greater  curvature  has  a  gentle  convexity  downward  and  for- 
ward, connecting  the  pylorus  with  the  fundus,  and  reaches  the  level 
of  the  infracostal  line  (connecting  the  tips  of  the  tenth  ribs).  When 
the  normal  stomach  is  considerably  distended,  the  greater  curvature 
may  reach  as  far  as  the  navel.  It  is  adjacent  to  the  transverse  colon 
below. 

881 
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Thus  the  etoniach  occupies  in  part  tho  left  infratnammaty,  tti 
left  hypocliondriat!  region  or  left  upper  sextant,  and  tlie  opif^tri 
region  or  middh-  uppt?r  sextant.  That  portion  of  the  stomach  whic 
may  be  palpable  forms  a  sphcriciil  triangular  area  bounded  below  b 
the  greater  curvature,  to  the  right  by  the  lower  border  of  the  Iitcj 
and  to  the  left  by  the  lower  Imrder  of  the  costal  cartilages. 

Tlie  so-called  Traubf's  spmtlunar  upace  ie  the  area  of  the  lowe 
ribs  which  are  In  contuet  with  or  cover  the  parietal  Rirface  of  Ih 
stomach.  It  is  bounded  by  the  Mvi'T  and  lung  above,  the  spleen  to  th 
Icfl,  and  the  liver  also  {left  lolie)  to  llio  right  Over  this  regiw 
the  true  (jn^tric  tympanitic  sound  is  elicited. 

PHYSICAL    EXAMINATION    OF   THE    STOMACH 

INSPFXTIUN 

The  normal  stomach  has  no  visible  signs. 

Concerning  the  pathologic  stomach,  we  aim  to  determine  it 
(a)  ponilion;  (6)  size;  (c)  mofevtcnts;  (d)  tumars. 

Displacement  and  ilutenlvm  of  the  stomach  may  be  conaideret 
together,  as  they  ore  often  aasociated  conditions;  a  dilated  {fftutrrc 
iasii)  stomach  is  usnatly  at  the  same  time  prolapsed,  especially  if  dui 
tc  organic  stricture  oi  tlic  pylorus :  ou  ttie  other  hand,  however,  ; 
prolapsed  stniuach  (y((.s-/n//i/".M'.v)  uiay  occur  with  such  slight  or  mod- 
crntc  atonic  diialion  a-  mil  to  lie  disciivcrablc  by  physical  examination. 
These  casts  may  be  indicatcil  by  nmrc  or  less  diffuse  bulging  in  either 
of  the  left  sextanis,  or  in  the  UTiibiliciil  rojrinn.  The  lower  curvalnre 
may  even  be  >eeTi  as  a  transverse  shadow  or  line  moving  in  the  hypo- 
gastric or  pelvic  regiiin  wilh  inspiration.  The  epigastric  region,  on 
the  eontrary.  \<  relatively  depressed.  Of  course,  these  signs  are  visible 
only  in  ihnr-e  individuals  having  cnTii|iaratively  thin  abdominal  walls. 
Ill  marked  i.'a>tnj]it"sis  a  groove  may  ]\o  seen  extending  from  the 
nave!  lo  (be  ribs  whieh  represents  the  les.-K'r  cunatiirc  of  the  stomach. 
Tliesc  j.hennniena  may  all  be  belter  visible  with  the  patient  in  the 
-eiiiiriTUdii.cnl  p.i^itinii.  and  the  abdmiien  viewed  from  behind  while 
lle>  li.Lrlit  fall-  ilireeily  iiprin  it.  idtlion^'h  it  should  be  carefully  ol>- 
-ervd  rn.iii    in    fninl  and  al   varioii-  -idc  aiisrles  iis  well. 

The  n-spinif,,!-!/  iimf  innil-^  of  Ihe  lower  cnrviiture  of  the  stomach 
ar<>  ^'eii.'r^jll\    -ecu  nT)ly  \v]vu    llic  -lomadi   i^   Icn-^-ly  dilated,  cither 

U 1    llic   L'a.  uf    feriuenlalii.n  or  ..f  arlilnial  di-tention    (sec  under 

I'ereu-ii.ii).  I'rrisliillir  i<nii-,'wi'tih  are  aUi  belter  visible  under  like 
e->iidiii.in-  ..f  ttie  L'a-lri<'  wall-.     They  may  be  seen  to  pass  as  slow 
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waves  from  left  to  right,  sometimes  excitable  by  finger-tapping;  if 
the  pylorus  is  low  down  because  of  a  weighty  cancerous  growth  there, 
the  waves  show  a  distinctly  downward  course  as  well.  Benign  stenosis 
of  the  pylorus  from  cicatrices  of  healed  gastric  ulcer,  adhesions,  and 
simple  thickening,  may  likewise  be  signified  by  the  detection  of  peri- 
staltic gastric  waves. 

Tumors  of  the  stomach  are  not  visible  unless  large,  as  in  advanced 
cases  of  scirrhous  cancer  of  the  pylorus  in  emaciated  persons,  where 
the  growtli  may  appear  well  below  the  left  lol)e  of  the  liver.  Such 
neoplasms  are  not  subject  to  respiratory  mobility — ^a  differential  point 
in  relation  to  tumors  of  the  liver  and  gall-bladder. 

PALPATION 

Palpation  of  the  stomach  determines  with  fuller  results  the  visible 
indications.  The  normal  stomach  cannot  be  palpated  unless,  in  indi- 
vidual cases,  it  is  greatly  distended  with  a  heavy  meal,  or  from  gas. 
Slight  epigastric  tenderness  on  pressure  is  common  to  most  normal 
persons. 

Tenderness  is  abnormally  increased  in  palpating  the  stomach 
affected  with  acute  or  chronic  inflammation  (gdstritis) ,  when  it  is 
rather  diffuse;  in  gastric  ulcer,  when  it  is  sharply  localized;  and  in 
cancer,  when  it  is  indefinite  or  circumscribed  to  the  tumor  area. 

Displacement  and  dilation  of  the  stomach  cannot  be  palpated  by 
its  boundaries,  except  in  rare  instances  in  which  the  greater  curvature 
may  be  felt  assisted  by  the  guiding  of  vision.  The  dilated  stomach 
gives  a  soft,  baggy  (eel  below  the  borders  of  the  left  ribs,  often  as 
far  as  the  umbilicus.  A  splashing  or  succussion  sensation  may  be 
elicited  when  gas  and  liquid  are  present. 

Increased  resistance  ot  the  gastric  walls  means  hypertrophic  thick- 
ening of  the  muscular  coat,  which  is  usually  associated  with  general 
distention  of  the  organ.  Firm  and  moderately  diffuse  resistance  just 
below  the  rib  borders  may  signify  a  large  colloid  cancer  of  the  stomach 
walls.  This  must  not  be  confounded  with  a  tense  belly  of  the  left 
rectus  muscle. 

Peristaltic  waves  which  can  be  felt  as  well  as  se^i  are  important 
because  of  their  indication  of  hypertrophic  dilation  of  the  stomach, 
secondary  to  some  pyloric  obstruction,  and  often  giving  a  fair  indi- 
cation of  the  size  of  the  stomach.  Usually  the  waves  undulate  from 
left  to  right,  but  in  certain  extreme  cases  of  stenosis  they  are  reversed 
(or  antiperistalaiB).  Knssmanl  deBcribes  in  the  phnse  ''peristaltic 
87 
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unrest,"  a  palpable  peristalsis  in  neurotic  individuals  without  gastric 
dilation. 

Tumors  of  the  stomach,  especially  the  pylorus,  cannot  be  felt 
unless  the  latter  is  pushed  down  and  eufficienlly  parietal.  Carcinoma 
is  genenilly  found  as  a  dense,  in-egular  maps,  a  little  to  the  right 
of  the  median  line,  between  the  xiphoid  and  the  navel,  although  in 
s  few  instances  I  have  palpated  it  a  little  below  the  latter  point,  Tlie 
cancer  may  be  slightly  movable  with  respiration,  especially  when 
bound  to  ihe  liver  by  adhesions,  and  when  low  dott^l  is  quite  movable 
wilh  llie  hand,  and  with  change  of  posture.  A  diffuse  thickening 
of  the  wtomach  wall  in  the  left  parasternal  line  just  bclnw  the  borders 
nf  the  ribs  may  be  due  lo  a  perigastric  deposit  as  u  cousiH|uen»?e  of  a 
perforating  gastric  ulcer.  Sometimes  a  pancreatic  growth  may  be 
miutakcn  for  a  gastric  cancer,  and  vice  verm. 


PERCU8aU>N  '^ 

Percussion  of  the  stomach  must  be  done  with  the  greatest  care  in 
tecbnic,  otherwise  one  may  be  easily  misled  both  by  intragastric  and 
■djacent  eonditious.  Normally,  gastric  tympany  is  limited  to  Traube's 
half-nioon-shaped  space,  where  it  is  parietal,  although  a  modified  or 

ri'liitivc  -Tii^liii'  lyiupiiTU-  may  be  elieifed  beyond  t(ie;^e  borders.  Gentle 
jieivussitui  Millici's  in  discoviT  it.  The  tympany  is  freijuently  high 
in  pitch,  nhhniigh  hiwrr  than  that  oliljiinwl  over  the  intestines,  gen- 
iTiilly;  nL>V('r!)ie!i>>-.  (In-  lympany  nvcr  the  colon  adjacent  to  the  stom- 
ach is  nficri  iiidisiJri;riii>halilL'  from  that  over  the  latter,  indeed,  sonic- 
iitiii'<  l>riini-c  llie  lolim  is  so  distended  as  t"  overlap  the  stomach. 
In  iirilrr  In  si'jianite  gastric  from  colonic  tympany  it  may  be  necessary 
to  di^lond  tln'  siomiii-li  l>y  tlie  same  means  iisually  emptoyed  to  a,-icer- 
tiiiii  it-  A-/r  ill  siis|)irti>cl  casis  of  dilation  (see  lielow).  ITnder  other 
L'irciunslanics  llu'  iiminint  of  gastric  lympany  obtainable  will  depend 
greatly  \\\\>m  ilie  cmiliiion  of  liie  fraslric  eonlents — the  presence  and 
M:\U\v  .(iiantilii's  (>r  ^r-,.:  nnd  liipiid  or  <olid  matter:  upon  the  extent 
111'  .>viTla|i|ii]i;:  liiti':  iuid  liver,  either  of  which  may  be  enlarged,  and 
iipim  pifiinil  rlI'ii>iiiTi  or  splenic  tumor. 

'riiiri'l'ini'.  wliilc  till'  iijij„T  li'iriirr  of  llic  stomach  lies  about  on 
:i  h-\i'l  will]  ihi-  lifili  to  llie  sixtli  rib  in  llic  iiarasfernal  and  nipple 
liiu-.  -.uu]  ;ir  !!),■  ^I'M.iitli  iir  cighlli  rib  in  llu-  aolerinr  axillary  line, 
ojir  11)11-1  [rally  !"■  inuli'ni  with  detiiiiiijr  ihe  lung-stomacii  and  the 
liiii--li\rr  l)oTiiidai-i<K.  I>y  noting  in  the  first  tn-linice  where  tynipanifjc 
n-imaiu-r  (willi  Iil'IiI   |HTrussion  stroke)   ends  and  tympanitic  clear- 


-^ 
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ness  begins^  and  in  the  second^  where  cleamess  passes  into  tympanitic 
dulness  or  muffled  tympany. 

The  outer  or  left  limit  of  gastric  tympany  is  determined  by  per- 
cussing to  the  left  until  splenic  dulness  is  noticed  near  the  lower 
borders  of  the  ribs  in  the  axillary  lines. 

The  position  of  the  lower  border  or  greater  curvature  is  most 
surely  and  accurately  determined  by  artificially  distending  the  stomach 
either  with  gas  or  water,  preferably  the  latter,  sometimes  both ;  in  any 
case,  the  object  being  to  separate  gastric  from  colonic  tympany,  the 
differences  in  pitch  being  usually  so  slight.  Ziemssen's  method  con- 
sists in  inflating  the  stomach  with  carbonic-acid  gas,  by  giving  the 
patient  a  heaping  tcaspoonful  of  sodium  bicarbonate,  dissolved  in 
water,  followeil  im mediately  afterward  by  a  similar  solution  of  tartaric 
acid.  //  the  evolution  of  gas  is  sufficient  to  distend  the  stomach  to 
its  full  size,  but  not  so  violent  and  abundant  as  to  cause  a  sense  of 
oppression  or  collapse  from  cardiac  embarrassment,  then  this  proce- 
dure may  be  deemed  successful;  but  as,  after  the  administration  of 
these  substances,  the  quantitative  chemical  result  is  beyond  our  con- 
trol, the  method  is  too  uncertain  and  variable,  and  may  be  dangerous. 

Therefore,  a  better  method  of  distention,  and  a  safer,  is  to  pamp 
air  through  a  stomach  tube,  introduced  previously,  to  which  is  at- 
tached an  ordinary  hand-bulb  syringe ;  discomfort  may  be  relieved  at 
once  by  allowing  the  air  to  escape.  The  air  should  be  forced  into  the 
stomach  at  first  quickly  and  vigorously,  so  as  to  cause  reflex  closure 
of  the  pylorus,  and  thus  prevent  distention  of  the  bowel.  By  this 
means  the  stomach  may  be  outlined  by  inspection  and  palpation,  as 
well  as  by  percussion  of  the  area  of  gastric  tympany. 

Still  another  method  of  determining  the  size  and  position  of  the 
stomach  by  its  greater  curvature  is  first  to  note  a  general  tympany 
below  the  left  ribs,  in  which  gastric  tympany  is  inseparable  from  the 
colonic,  and  then,  while  the  patient  is  standing,  have  him  drink 
freely  of  water,  after  which  percussion  will  develop  dulness  over  a 
zone  representative,  of  course,  of  the  lower  limits  of  the  stomach  or 
region  to  which  the  water  has  naturally  gravitated. 

Auscultatory  pereusiion  is  decidedly  more  accurate  and  satisfac- 
tory than  simple  percussion  for  outlining  the  area  of  gastric  tym- 
pany, by  determining  the  adjacent  lung,  liver,  spleen,  and  colon 
borders,  whether  the  stomach  be  normal  in  size  and  distention,  or 
inflated,  or  partially  filled  with  liquid.  Concerning  the  last-named 
test,  it  is  well  to  note  the  results  after  changes  of  posture,  fhe  patient 
having  previously  drunk  one  or  two  tumblerfuls  of  water.    The  dul- 
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iiess  obtHined  while  thf  patient  is  erect,  where  before  tympany  i 
(ilicited,  indirates  that  the  latter  is  gastric  and  not  colonic ;  and  whes 
the  patient  ia  then  plaotd 
in  the  recumbent  poij- 
tion,  tympany  replacing 
the  w»1er  dulnt»«  again 
]ioiata  to  its  gaetrio  ori- 
gin, thus  determiniiig, 
by  the  location  and  Urn- 
its  of  such  signu,,  tlw 
imsition  and  extent  of 
tlic  etoniach  area. 

In  tlie  tecJinic  «i 
auscultatory  iHsrciiiwinn, 
a  mere  fillip  or  glancing 
stroke  of  the  finger  is 
nil  that  IB  necessary  in 
approaching  Ilic  twrdem 
of  the  viscuH,  while  tlic 
ir  the   body   or  near   th« 


FWi.  «H.— To  JJKTtHMlNi;  TUK  OuTl.ISk  "k  Tilt  StuiI- 

AI.-U  or  AvaciTMAToRr  FnRRituiiiiN.  1'he  slctho- 
Bpopii  tnmy  bo  ploord  nt  tithcr  «f  tlio  piniiU  indi- 
DBted  by  tits  cirolcs  duriufi  the  flnt  percuHsiun. 
During  the  ivpermisHDn  it  ahouUl  be  sbirtcd  to 
thn  (itljer  |N>iut.  Arrows  bIiow  Unto  nlting  which 
IxirrUHsiim  should  be  c(iiniuol«[.      (Bulit'r.) 


dicst^piece  of  tlie  etothoscupe 
pylorus  of  the  organ.    The  in- 


I   held   < 


lilv 


first    by    listeiiinp:    iii'ar 
lilt!    aufrle    iiolwccu    the 
t'lisifiinii    fippuiulLx    and 
tliQ    left    eostii!    luargLU. 
Stroking    piTuusriion    la    thi 
jiractisL'd  from   all    sides    !■ 
ward   the  slomiich  urea  unl 
iliis  same  note  is  successive 
ftWi'Ved,    ivhicJi    lliii>    dcti' 
niinw   the  lioumlafio   of   tl 


loniiK-U. 
Turn.. 


n[    lli( 


li  I)  illfffT,  but  C  r 


■^    from    pvlorit' 
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retraction  of  the  left  lung  from  fil)roid  phthisis,  frequent  preg- 
nancies, etc. 

The  percussion-area  is  diminished  l)y  such  external  causes  as  en- 
croaching enlargements  of  the  liver  and  spleen,  left-sided  pleural  effu- 
sion, pneumothorax,  emphysema,  pericardial  effusion,  cardiac  hyper- 
trophy. 

Actual  diininutiou  in  tJie  sizr  of  the  stomach  is  indicated  if  the 
greater  curvature  is  observed  to  l)e  liigher  than  a  level  of  IJ  to  2  in. 
above  tlie  navel. 

AUSCULTATIOX 

\'erv  little  of  dia^rnostic  value  is  o])taiued  bv  this  method  of  exam- 
iniug  the  stomach.  Jn  health,  a  sound  is  heard  at  the  cardiac  orifice 
of  the  stomach  while  liquid  is  passing  down  the  esophagus  through 
it,  and  there  is  normal  rhythmic  gushing  or  splashing  sounds,  which 
nuiv  be  heard  over  the  stomach,  containin<]^  air  and  water  onlv,  when 
the  body  is  shaken  sharply.  In  health,  also,  the  **  deglutition  mur- 
mur "  just  referred  to  is  often  followed  by  a  squirting  sound,  some 
tliree  to  seven  seconds  later,  as  the  liquid  passes  into  the  stouiach  at 
the  cardiac  orifice;  this  is  best  heard  while  listening  at  the  left  xipho- 
(ostal  angle.  A  cessation  or  marked  jmslponement  of  the  gurgle  or 
>purt  at  this  })oint  would  indicate  stenosis  of  the  cardiac  orifice, 
possibly  a  weakness  of  the  swallowing  muscles. 

Siflfishlna  or  snccusslon  sounds,  which  mav  be  elicited  bv  a  bed- 
])aticnt  simply  changing  position,  or  by  a  sudden,  lateral  movement 
of  the  body,  or  by  the  examiner  pressing  rapidly  with  the  fingers  of 
both  hands  alternately,  with  a  plunging  or  gently  poking  motion. 
This  is  done  between  the  level  of  the  navel  and  the  left  costal  border. 
If  this  splashing  can  be  detected  more  than  three  hours  after  a  meal 
of  light  character,  or  six  hours  after  a  heavy  meal,  persistently,  it  is 
evidence  of  aioni^  or  loss  of  motor  power  of  the  stomach,  or  of  dilation 
and  relaxation  of  the  stomach,  especially  if  the  sounds  are  audible 
below  the  transverse  umbilical  line.  Artificial  inflation  of  the  stom- 
ach will  enable  one  to  discover  this  phenomenon  still  more  readily. 

Bubbling,  gurgling,  and  clinking  sounds  may  be  heard,  often  in- 
fluenced by  the  respiratory  movements  while  auscultating  the  left  lung 
below  the  fourth  rib  or  interspace.  They  arc  also  significant  of  gastric 
dilation,  with  gaseous  distention  and  some  liquid. 

Fizzing  sounds  indicate  active  fermentation  going  on,  or  the  anti- 
peristaltic efforts  of  the  irritable  stomach  of  nervous  dyspepsia  to 
eruct  air  or  gas. 
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The  heart  sounds  nifty  assume  a  metallic,  resnnant  quali^  in  their 
transraifsion  through  a  dilated  wtomach  over  which  nuu  13  listening. 


TOPOGRAPHIC    ANATOMY   OF   THE    INTESTINES  ^ 

Tho  topogmplde  anatomy  is  beat  shown  in  Flate  IX.  It  is  to  lie 
rptiit'mhered  that  Ihr  j<mn//  itilextifif  orcupiea  principally  the  niiihlti? 
portion  of  the  abilniiien  Wlow  the  waii4t  line. 

The  large  inlftin*'  or  tulon  takes  up  the  periphery  of  tlie  abdn- 
men.  from  the  cwiim  tiiid  appt-ndiceal  region  to  (he  hepatic  flexure, 
near  the  right  costal  bolder,  theiiee  horizontally,  wilh  a  slight  cuire 
downward  (transvcroe  colon)  to  the  splenic  flexure,  passing  thus  8lx>vi' 
the  umbilical  level,  to  end  in  the  sigmoid  flexure  lower  down,  near  the 
left  Poupart's  ligament.  The  cecum  is  more  euporfieialiy  seat<xl  thau 
the  upper  portion  of  (he  ascending  colon, 

The  appendix  vfrmiformis  lies,  at  it«  root,  at  the  middle  of  a  line 
drtiwn  from  Ihc  anterior  superior  iliac  spinf  to  the  navel,  near 
right  tilfje  uf  till'  reclud  muscle. 


PHYSICAL    EXAMINATION    OF    THE    INTESTINES 

I.Nsri'XTI()>J 

Most  nf  llic  f;''"<'''iil  f>ii'l  ''"'ill  cnlargonicnts  of  the  howels  have 
niiily  \.v'ji  iioinlcl  out  in  tlii'  i)riT<tlioii  duipler.  Next  lo  tympa- 
tc-.  111.'  iiiiri'ii-f!  pi-ri-liil-'^is  or  vcnuiriilir  nioveriient  occurring 
lovu  an  iiiti-liiuil  ob-lru.-liciii  i-;  ljidsI  iiii|».it;int.  Obviously,  the 
..s  llu-  iiri'ii  of  (liMi-nlidii  iv.d  vrniiiciilar  iiinvi'im>nf  the  ncnror  t<i  the 
i(.di-niiiii  iiiu^t  bi.'  Ibi-  sli'no-is.  If  llio  colon  alnnc  U  distended  with 
i<.  ils  mtiiiiu;  may  be  ik'liTiniiu-d  hy  ils  long,  >ausagelike  !^welling> 
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the  cecum  is  more  or  less  filled  with  gas,  and  irritability  of  the  intes- 
tinal motor  function  is  present. 

Peristaltic  motion  of  a  portion  of  intestine  is  palpable  above  a 
stenosis,  and  if  the  obstruction  be  chronic,  this  region  of  the  bowel 
is  moderately  hypertrophied  and  resistant  with  distention.  A  malig- 
nant thickening  and  stricture  of  tlie  colon  is  most  likely  to  be  found 
at  one  of  the  flexures  or  at  the  cecum. 

Appendiceal  thickening,  swelling,  and  abscess,  with  hardening  of 
the  overlying  and  reflexly  protecting  rectus  muscle,  are  characteristic- 
ally palpable  in  this  region. 

Tumors  of  the  colon  are  usually  cancerous,  and  may  be  felt  most 
frequently  either  in  the  cecum  or  at  the  sigmoid  flexure.  They  are 
hard,  often  nodular  and  irregular  in  outline,  with  oblong  masses  of 
impacted  feces  above  them.  Intestinal  neoplasms  are  rather  mobile 
within  the  hand  grasp,  but  fixed  as  to  location  relative  to  the  other 
parts. 

In  chronic  tuberculosis  of  the  bowel  one  feels  its  coils  as  firm, 
cordlike,  tangled  masses  through  the  thin  but  boardy  abdominal  walls. 

PERCUSSION 

Normally,  the  bowel  sound  is  tympanitic,  slightly  higher  pitched 
centrally  over  the  bunch  of  small  intestine  than  peripherally  over 
the  eolon.  However,  as  the  conditions  of  volume  and  tension  and 
ix)ntent  of  the  bowels  are  so  variable,  both  locally  and  generally,  abso- 
lute dependence  can  seldom  be  placed  upon  the  percutory  results. 
Light  percussion  strokes  are  best.  Auscultatory  percussion  is  more 
reliable  in  differentiating  large  from  small  intestine. 

Moderate  increase  in  gaseous  distention  of  the  bowel  produces 
louder  and  lower-pitched  tympany  than  normal,  and  over  a  greater 
extent  of  the  abdominal  surface,  encroaching  upon  the  hepatic  and 
splenic  dulness.  In  cases  of  extreme  distention,  as  in  severe  peri- 
tonitis, the  note  may  lose  its  distinctive  tympanitic  quality,  and  be- 
come more  like  the  harder,  '^  band-box  ^'  sound  of  the  hyperreeonance 
of  emphysema. 

To  outline  the  large  intestine  by  ordinary  percussion  the  colon  may 
be  filled  with  water  by  high,  postural  enemata,  and  the  dulness  thus 
noted.  On  the  other  hand,  by  auscultatory  percussion  the  colon  may 
be  differentiated  by  ballooning  it  with  air  pumped  into  it  through  a 
rectal  tube.  This  may  be  useful  where  congenital  or  acquired  pro- 
lapse and  fiexore  are  suspected  from  obstructive  symptoms. 
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Areas  of  dulncsK  over  the  intestinul  rcgioD,  or  of  dull  or  mttCnR 
tympanitic  BOund.  are  indicative  of  tumors  or  fecal  impuctionit  o; 
accumulations,  the  latter  bciug  soon  inferable  if  they  are  movsbli 
under  catharsis  or  enterocljsis.  Cancer  or  malignant  stricture  of  llii 
colon  in  more  apt  lo  occur  at  the  anatomic  flexures,  and  (he  small 
dull,  or  relatively  dull,  area  is  characlerletically  separated  from  a  dis- 
tinct tympany  due  to  the  distenlion  above  and  adjoining  the  strictura 
Stengel  claims  that  a  tumor  may  lie  said  to  be  referable  to  the  wall 
of  the  previously  ascertained  colon  when,  by  auscultatory  percussion, 
the  etethoacope  being  placed  near  the  tumor  and  stroking  pereussion 
being  made  over  and  toward  the  tumor  from  all  directions,  the  note 
over  the  tumor  resembles  that  over  the  adjacent  colou  more  nearly 
than  the  note  over  the  small  intestine  resembles  the  latter.  To  dis- 
cover the  dulness  over  an  intestinal  tumor  requires  deep  pressure 
with  the  pleximetor  finger. 

Chronic,  tliivkftiing  of  the  cecum  and  appendix  from  recnrrent 
attacks  of  appendicitis  may  be  indicated  by  the  persistence  of  moder- 
ate dulness  here  associated  with  increased  sense  of  resistanix;  (not 
due  lo  muscular  rigidily).  A  chronic  appendiceal  abscess  may  also 
'  f  the  cause  of  circumscribed  dulness  in  this  repon.        ^^^^^^^^ 


AUSCLLTATHlN" 

CiTlaiii  niiiililiii;,',  line  gin*p;lin;,%  mid  poppiof?  sounds  oecnr 
rinlliitijiiilly  over  (he  intestines  in  hejdtli.  Intestinal  noises,  or 
hiiri'ii-iiiimi  (ruirililin;;s).  nre^Mjini;,  i>r  ^piii.-liinj;  sounds,  when  riiarkeil 
and  persistent,  nre  all  suf:^'eslive  of  nelive  or  e\a-:trenil«l  peristalsis. 
with  the  piissiij;e  of  friis  and  fluid  or  seiiiilliiid  matters  throngh  the 
h)ops  iiiid  knuekhs  of  irnt.  Itortiorv.irini  are  usually  associated  with 
thilnlcnt  (|y>|M']ili(r  eomlilions.  such  as  gaslro-intcstinal  catarrh,  cspo- 
ciallv  in  nervous  and  hv>teri(-al  wuiueu  and  those  who,  having  borne 
several  ehildivn,  have  kx  abdominal  walls. 

Lond  iwiiiii/  x'liiifl-'.  if  as.-wialed  with  symptoms  of  intestinal 
obstruilinn,  may  lune  diii;.'iios1ic  value,  lieine  due  to  the  difficult 
passa.iTL-  of  <riis  and  li.]uid  tlirouirh  the  luirruwcd  [.arl  of  the  IhjwcI  ; 
otherwise,  the  sounds  tuay  lie  heard  ocea-innally  in  health.  Gurgling 
ill  111.'  ileo-eiral  rejiion  is  ofleu  lieiird  in  ty|.lioi<l  fever;  it  is  developed 
or  increased  he.-l  h\  siijiultaiioous  |ialpa(iijn.  S/iliisliitiij,  andihle  over 
the  eiviHu.  indicates  a  dilated  emidilion  of  tlii^  porljon  of  the  large 


CllAlTKR    XVIII 
THE  LIVER,  SPLEEN,   AND  KIDNEYS 

TOPOGRAPHIC    ANATOMY    OF   THE   LIVER 

The  liver  being  wedge-shaped,  so  that  about  three-fourths  of  it, 
or  the  thicker  portion,  lies  on  the  right  side  of  the  body,  thus  occupies 
topographically  the  right  upper  sextant,  or  the  right  hypochondriac 
region,  largely.  Its  thinner  portion  extends  into  the  epigastric  or 
upper  middle  sextant,  its  extreme  left  end  reaching  to  the  left  para- 
sternal line.  The  upper  surface  of  the  liver  fits  snugly  into  the 
diaphragm,  its  dome  being  covered  by  the  concavity  of  the  right 
lung;  this  highest  point  of  the  right  lobe  reaches  the  level  of  the 
fourth  rib  (lower  border)  or  interspace;  at  its  left  end,  the  highest 
hepatic  point  is  at  the  fifth  interspace.  The  lower  surface  is  in  con- 
tact with  the  stomach,  transverse  colon,  duodenum,  and  right  kidney. 
The  ant('r[(n\  lateral,  and  posterior  surfaces  are  in  direct  relation, 
below  the  lung  limits,  with  the  right  lower  ribs  and  the  abdominal 
wall. 

The  sharp  antero-lnferior  edge  passes  ol)li(|uely  upward  and  to  the 
left  from  the  lower  border  of  the  ribs,  with  whicli  it  practically  coin- 
cides, crossing  betwwn  the  ninth  and  tenth  right  costal  cartilages; 
thence  across  the  epigastrium,  about  one- third  the  distance  l)etween 
the  xiphoid  and  umbilicus;  thence  across  tlie  eighth  left  costal  car- 
tilage to  its  left  end  below  the  heart.  So  that  the  greatest  vertical 
extent  of  uncovered  or  parietal  liver  is  practically  in  the  right  mid- 
clavicular line.  In  the  midaxillary  and  scapular  lines,  the  lower 
border  extends  along  the  eleventh  rib. 

The  vertical  extent  of  parietal  liver  thus  tapers  toward  the  spine, 
being  three  interspaces  wide  in  the  axillary  line  (eighth  to  tenth 
inclusive),  and  but  one  interspace  wide  in  the  scapular  line  (tenth 
to  eleventh),  as  well  as  to  the  left  across  the  epigastric  region.  The 
interlobar  notch  is  virtuallv  in  the  median  line. 

The  position  of  the  liver  is  affected  l)y  respiration;  deep  inspira- 
tion depresses  it  palpably.    Also,  when  the  patient  lies  upon  the  left 
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side,  the  left  \'<hc.  of  tlie  liver  rises  higher  ami  the  right  exfRixt  Inirer. 
the  puspeawry  ligament  serving  as  nn  as'i*. 

Age  in  ft  rtictfir.  the  liver  lioing  proportionately  largt-r  in  fhilJnai. 
80  that  its  lower  border  projects  about  an  inch  bulow  tlje  edge  ol  the 
ribs  in  the  ui]>ple  und  iniduxillary  liiiOi*.  In  old  ptioply,  on  the  «in- 
trnry,  due  to  contraction  and  atrophy  of  the  parenciiyma, -the  liver  ha* 
diininisheil  in  size  eo  that  its  Iowit  bonk-r  lies  abcixt  one  inch  abovu  the 
rib  ixigc. 


^ 


lir:,l  ~\v.uU,.^      |,„r,i„i.  nl  IKvr  i,v...l;,,,|...,l  l>y  li-.Tt,       (lli.llcr.) 

Tlir  finll-hlmhi.-r  jiroj^rl.-  Unm  llir  iHul.T  surraof  of  Iho  livor 
npposji..  \\w  iiinlli  ri^'hl  cosiiil  cadila-c,  cIoh'  lo  wjiere  the  inferior 
nl-i-  .>f  \\w  liviT  ^y^-<y<  uiid.T  111.'  ri^'lit  Ix.r.l.T  of  llie  rib^,  and  there- 
fori-   jii-l   williid   111''  riu'hl    iiipplr-liric- 
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Bulging  or  fulness  of  the  right  hypochondrium,  or  also  of  the 
region  below  the  border  of  the  ribs  and  of  the  epigastrium^  indicates 
enlargement  of  the  liver.  In  very  young  persons,  owing  to  the  flexi- 
bility of  the  lower  ribs,  moderate  hepatic  enlargements  are  more 
noticeable,  while  in  old  persons  only  the  most  marked  enlargements 
cause  visible  projection  of  the  stiflfer  ribs.  A  more  or  less  thin 
abdominal  wall,  moderately  full  in  contour,  also  contributes  to  a 
plainer  visi})ility  of  enlarged  liver.  The  downward  movement  of  the 
latter  during  inspiration  is  characteristic.  In  some  instances  the  fact 
that  tlie  enlargement  of  the  liver  is  uniform  may  be  detected  by  the 
even  surface  of  the  swelling,  as  from  amyloid  or  fatty  degeneraiion, 
leukemic  or  malarial  hyperplasia;  or  that  it  is  irregular,  lump,  or 
nodular,  may  be  significant  of  cancer,  abscess,  hydatids,  or  syphilitic 
disea«5C. 

If  the  bulging  is  especially  marked  below  the  margin  of  the  ribs, 
without  projection  of  the  latter,  downward  displacement  of  the  liver 
is  indicated.  This  may  be  caused  by  and  associated  with  marked 
emphysema  of  the  right  lung,  with  pleural  effusion,  empyema,  or 
pneumothorax  of  the  right  side,  subdiaphragmatic  abscess,  or  even 
with  a  concomitant  heavy  enlargement  of  the  organ. 

The  lower  edge  of  the  liver  may  sometimes  be  seen  as  a  linear 
shadow  or  sharp  projection,  movable  with  respiration,  in  cases  of 
enlargement  or  displacement,  as  from  "wandering  liver,^'  which 
occurs  in  certain  women  with  general  ptosis  of  the  abdominal  organs 
and  soft,  flabby  relaxation  of  the  belly  walls. 

A  hepatic  venous  pulsation  may  be  visible,  accompanying  the 
enlargement  of  passive  congestion  due  to  valvular  incompetency,  as 
tricuspid  regurgitation. 

PALPATION 

By  touch,  the  edge  of  the  liver  can  hardly  be  felt  in  the  normal 
individual  of  moderate  abdominal  wall  thickness,  either  at  the  lower 
border  of  the  ribs  or  where  it  crosses  the  epigastrium  (dense  fibro- 
muscular  resistance).  In  women  having  thin,  lax  abdominal  walls, 
however,  the  lower  border  of  the  liver  may  be  felt  satisfactorily, 
especially  during  the  downward  inspiratory  movement.  In  children, 
it  may  be  felt  with  comparative  ease. 

The  usefulness  of  palpation  of  the  liver,  over  against  the  other 
methods,  makes  it  important  to  practise  its  technic  with  extreme 
care,  frequency,  and  patience.  The  patient  must  be  in  a  leUzed 
dorsal  position.    The  examiner^s  handa,  indubitably  wann,  may  first 
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gratiji  ttiB  nlidoniiiiul  wall  gently  so  aa  to  CHtimnte  ito  thiclcnes;  isd 
resioUiiiPc  Tor  a  proper  allowance,  Thfl  liiig(^-tip«  are  applied  flill] 
to  the  aMominal  w«II  below  the  riba,  approax'hing  up«-ard.  vhiii 
sitting  at  the  patient's  right  side.  A  foUl  of  skin  may  now  bv  pnAei 
lip,  niid  then  imniediati-l.v  the  iingera  are  depressed  sufficientiy  to  fw 
the  lower  edge  at  the  livor.  especially  just  after  it  descends  with  in 
t^piratioD.  Ahnipt.  puking  efforts  nmi't  be  svoidwl  so  »f  to  eltmintti 
iho  intitrfert^nce  nf  hardening  of  a  contracted  rectus  niusrle.  Aoolhe 
way  is  to  stand  facing  the  feci  of  the  patient,  anil  Tiook  the  Sngrr 
Hroitnd  the  rii)  IxirdtTS.  and  thus  feel  the  hepatic  iimrgiii  pu«hiii| 
undiT  their  tip;*  with  innpiralion. 

I'ldpalinii  (jf  tin.'  liviT  cnubleH  one  to  judge  of  it»  size  and  form 
its  xitrfan-  mid  its  iimtii'tenci/. 

(I)  Sat  and  "Form, — Tliei<t?  an-  dt^turmined  miiinly  by  Htudvin; 
the  lou'rr  filrjf  of  the  nrgnii.  When  the  long,  distinct  edge  of  th 
livor  is  fell  Iwlow  tht  b'Jrder  of  the  rib»,  it  may  \\kku  cither  i-niarift 
mciU  or  dinplacrmmt.  or  bolh.  dc[>i;nding  iijmn  the  asMx^iated  eoniii 
(ion»  which  might  cause  one  or  the  other,  or  both.  If,  ai  the  «aiu 
lime  that  the  lower  border  of  the  livor  ia  found  to  \h^  lU-prertned,  pci 
cuHiion.  discovers  that  the  upper  border  b  not  depresM.<d.  then  o 
enurse  the  organ  i»  enlarged.  If,  on  the  other  hand,  it  can  be  demon 
>lnilcil  tliii)  tlicn'  is  .1  ri.L'hi -billed  [ilciirul  elTii^ion,  pncuniothoraj 
.-iilidiaplirii.u'itiiilii-  iili-ii'->.  nr  fvni  iii;nki'd  eniplivsema,  it  is  the. 
pniiiiihlv  Hull  III.'  \u\W\nv  ].nvdrr  \<  dc|.iTssrd  l>M-ansc  of  displat-f 
iiii'Ml  nf  ibr  liver,  ullimuu'li  111  :!!<■  lii-l-iiiiiiicd  disease  there  is  usuall, 
ii  >ipiiiihiiii.,,i|.  .■[il;u-i(ii,M(  fi-niii  pi\~siv(;  i-.mnestion  of  the  liver.  A 
pojiiti.l  Mill  l,v  \i,ronll.  howfvrr,  "  «b<>ii  a  liver  is  markedly  di; 
phuril  .Inuiivi.iid.  ilir  iiripn-ion  i-  en>ily  iiiado  thai  it  is  also  en 
liir^cd.  l.i'<',iii-r  liy  irnclinii  almiil  il-  Ir^msverse  axis  it  becomes  pari 
riiil  ir,  :i  Iji-it  rMriit.-  l)o\Miuiua  .li-pburihonl  of  Hie  lowor  lK»rde 
uf  thi'  Mmt  (iiiiy  -aI-'  hr  fniMi.l  11-  the  ivMili  of  light  lacing  ("corse 
liver"),  iiii.l  nf  :,  j;e!ieiMl  ]:\\vv<~  ..f  llie  ;ili<|nmillal  viscfra  {"wander 
iiiLT  hsvv").      1(1   die  huierease  llie  liver  may  he  pushed  upward   will 

llle    lill-er. 

An  :i|i|ir..\im:ite  i.len  ,.f  tlif  fon,'  -.!  \\u-  liver  may  lie  obtains 
ly  ii.iiiiii.'  ihe  eli;uiuler  nf  ji-  ..i-e.  ;nid   llie  trend   llie  lattor   takc^ 

Mueli  ni  ilii-  reen;;iiiti<m  ,le],e(i.l-  ii{M.h  ilie  rMetll  In  wllieh  Hie  live 
i-   eln.-rh    ^i,i[io-<.d    In    llie   nl.dnmillal    M;lll.       Tile    iniifnritl    illld     irn-!Ill 

lar   enl.ii-emeiii.    li:ne    already    i.    ineiii  i,.iied.      A    seriatim     indi 

e^iHnii    iif   llie  principal   condition^   allVeliiig   lln.>   liver  edge   ia    hen 


THE   MVEB,   SPLEEN,   AND  KIDNEYS  395 

(a)  Passive  Engoroehent  (later  stages  of  uncompensated  heart 
disease,  and  in  advanced  emphysema). — ^The  liver  edge  protrudes 
slightly,  is  smooth  and  well  defined,  and  takes  the  direction  of  the 
normal  virtually. 

(b)  Fatty  Liver. — The  organ  is  uniformly  enlarged  and  normal 
in  shape.  The  inferior  border  is  smooth  and  slightly  rounded,  and  is 
felt  lower  down  than  tlie  congested  liver. 

(c)  Hypkrtropuic  (Biliary)  Cirrhosis. — Considerable  enlarge- 
ment may  be  noted  here,  the  lower  hepatic  border  hcvng  often  felt 
as  low  as  the  umbilical  level,  and  having  a  smooth,  well-defined, 
thickeiiod  outline. 

{(l)  Amylou)  Livkr. — This  is  also  a  large  liver  having  a  smooth, 
often  sharp  lower  border,  or  perhaps  slightly  rounded.  The  same 
features  are  usually  present  in 

(e)  DiFFUSK  SYPHILITIC  HEPATITIS,  and  in 

(/)  Leukkaiic  liver. 

(g)  Cancerous  Liver. — Marked  enlargement  is  present,  and  the 
lower  border  is  thickened,  irregular  in  outline  and  direction,  nodular 
and  notched. 

{h)  Syphilis  of  the  Liver. — ^This  may  have  some  of  the  char- 
acteristics of  the  preceding  condition,  with  perhaps  less  massiveness 
of  outline,  and  more  irregularity,  especially  in  deep  fissuring  of  the 
edge. 

(i)  Abscess  may  be  Single  or  Multiple. — In  cases  of  the 
latter  the  liver  may  exhibit  uniform  enlargement.  In  some  instances 
the  abscesses  may  be  palpable  as  distinct  prominences  from  the  under 
surface  of  the  liver,  especially  the  right  lobe. 

(;)  Hydatids. — The  edge  of  the  liver  affords  their  discovery  when 
sufficiently  large,  parietal,  globular,  and  subject  to  signs  of  fluctuation. 

(2)  Surface. — The  liver  surface  can  be  perceived  in  cases  of  suffi- 
cient enlargement,  with  thinness  and  looseness  of  the  belly  wall. 
When  smooth  and  even,  the  liver  may  be  engorged,  fatty,  leukemic, 
amyloid,  or  malarial.  A  granular  surface  indicates  cirrhosis,  best 
felt,  of  course,  in  the  contracting  stage  of  a  hypertrophic  liver  before 
sufficient  atrophy  has  taken  place  to  draw  it  beneath  the  ribs.  The 
common  association  of  ascites  with  the  atrophic  cirrhosis  makes  it 
necessary,  in  order  to  palpate  the  under  surface  of  the  liver  at  the 
rib  border,  to  displace  the  liquid  by  a  brusk  poking  movement  with 
the  tips  of  the  fingers. 

Irregular,  nodelike  elevations  in  a  thin,  emaciated  amsnmptiye 
would  hint  toward  tuberculous  peritonitis. 
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A  largely  noduJar  or  bosselated  surface  betokens  aecondar)-  cam 
of  the  liver.  The  Imnora  vary  in  sine  from  a  elierr^  to  a  walmii, 
even  a  small  apple;  ttit-y  arc  rough,  aud  not  infrequently  luaoif 
to  the  toudi  siiihII  ilcpreiisioiiK  on  ihuir  eummila  (cancer  navo 
When  a  distin<?tly  lohulateil  liver  is  folt,  with  flat  clfvntious,  a  svp 
litic  gummatous  organ  ia  probable.  Huperficial  abscocAcs  and  odiii 
eoecns  cysts  may  bo  inforrcd  with  round,  smooth,  more  or  less  flac 
ating  eniinencps. 

(u)  Cosiiatcncy, — This  is  nniformly  and  moderately  iii<>rp«s£>l 
ohrouic  engorgemriit.  Imkcniia,  and  hyportrophic  cirrhosis;  unifom 
and  niarkiiilly  iiK'reaMxl  in  amyloid  liver;  unifonnly  non-n^^iittant  a 
somewhat  dastic  in  fatty  liver;  irrqrularly  incrraM?(l  in  flrmnosii 
eaneer  and  Hyphili".  ueconling  to  the  amount  of  «!irrlioiis  and  « 
nectivL'  liBsne  in  these  respective  eonditions.  Abwes-s  and  Iiydnl 
evt^ts  give  ripe  (o  more  or  Ipbs  doughy  (wnwe  of  Huetuation.  and  t 
so-called  hydatid  thrill  nmy  sometinura  lie  detwted  over  largo  sap" 
(Jciu!  evsts — a  peculiar  whizzing  sensation  elicited  by  giving  staca 
or  abort,  ijuick  strokes  with  the  fingers. 

The  gall-hladder  eannot  bo  palpntod  normally.  Wlien  distend 
moflerately,  it  may  be  felt  as  a  small,  soft,  ill-deflued,  rounded  mi 
at  the  edge  of  the  ninth  right  costal  cartilags.  A  distinctly  palpob 
.■iihir-r,l  L'iill-lila-M.T  i.rnv-  -a-  a  |inLr-^iznl  ami  --^Impcl.  smf.ni 
often  -oft,  lutii'ir.  The  n.irrow  nr  fixed  portion  of  the  tumor  tun 
s|HiniU  t"  Ihe  i'i-;|al  iolersecliim  of  ii  Hue  drawn  from  the  rig 
iicidtiiioii  |)ro(c.::.  ti)  tlic  navel,  just  outside  tlie  rigbl  etlge  of  the  ris 
U'clu-  (iiu^clc.  'i'lu>  larjre  or  ik'piTidciit  end  is  movnldc  in  the  c 
of  ii  circle:  it  lUiiv  lie  moved  nhiiost  or  quite  to  the  median  line,  a 
up  iHid  to  the  right  under  the  liver,  but  not  downward.  It  is,  ho 
ever,  iiioviibh'  (hnniward  willi  deep  iiispiration  along  with  the  liv' 

'riie  i>ii(ici))al  causci^  of  eolar;red  ^'all-liladder  may  bo  ennmerat 
lis  l'rillii\v>:  ((;)  j)i-leiition  by  fluid  from  sntiie  ohstnietive  dii^^a^- 
stem»Ls  all'i'ctinj:  llie  {■omrii'm  or  cvstic  <lucts.  or  from  intlanimatii 
cau^in^r  liiliiirv  c[i;:nrj;.>tiicnl.  retention  nl'  mucus  {hi/Jrups) .  or  |ii 
[h]   ilistenlioii  liy  -all-lnnes-.   (,)   uialienaut   or  benipn  growths. 

[>i-teiiiinii  of  Ibe  pill-bhubli'v  liv  lluiii  iKrumuldt ion  feels  soft  a 

eliiMie.   iind   ihe  lUMio,-  may  -..uictime-  lluiinisbeil  by  slowly  , 

(UT-iiiL'  [tart  .if  ils  ,-nnleTit^  info  llie  ilii..ilfiiinu.  Moderate  enlari 
incut  wilb  rlen>r(y  of  f«l  m.iy  iiulieate  inlbnumiitory  thic-kenii 
The  pres.'nce  .if  jrall-slnnes  ^ivcs  rise  lo  a  -eiisii  inn  of  luovalde  nodn 
("bai;  of  luiM")    if  tbe  ubdortiinal   wall   is  Ibin  and  hix   enough; 
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respecUve  symptom  Is  the  more  oharactertotio  of  the  qieeial  affection  of  the  liver, 
oolunm  it  is  quoted. 
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distinct  friction  or  grating  sensation  may  be  palpable.  A  firm,  irregu- 
lar mass  signifies  carcinomatous  thickening  or  growth. 

The  fluid  distention  of  the  gall-bladder  with  bile  may  be  the 
result  of  gall-stones  in  the  common  duct,  or  of  an  obstructive  duo- 
denal catarrh,  or  of  a  roundworm  {ascaris  lumhricoides) ,  or  of  some 
growth  adjacent  compressing  the  duct,  as  cancer  of  the  head  of  the 
pancreas. 

Differential  Diagnosis. — Wliile  tumors  of  the  gall-bladder  may  be 
simulated  by  hydatid  cysts,  and  by  abnormal  prolongations  of  the 
lower  border  of  the  liver,  these  conditions  occur  so  rarely  as  to  need 
no  more  than  the  mentioning  here. 

Movable  or  floating  I'idney,  which  is  more  often  found  on  the  right 
side,  has  frequent  and  important  diflferential  bearing.  Both  it  and 
the  distended  gall-bladder  are  smooth  and  rounded,  but  the  former 
is  characteristically  l)ean-8haped,  the  latter  pear-  or  gourd-shaped. 
The  kidney  has  also  the  notch  of  the  hilum,  and  if  much  displaced, 
in  some  instances  the  pulsations  of  the  renal  artery  may  be  felt.  The 
kidney  has  a  uniformly  fleshy  feel,  whereas  the  gall-bladder  may  be 
soft  with  liquid,  rough  with  calculi,  or  hard  and  nodular  with  cancer. 
Again,  the  pear-shaped  gall-bladder  is  usually  so  superficial  that  it 
may  be  felt  by  direct  palpation  in  front,  while  the  displaced  kidney 
is  more  deeply  palpable,  and  usually  recjuires  counter  pressure  through 
the  soft  lumbar  tissues  from  behind.  Also,  the  kidney  has  a  wider 
range  of  mobility,  particularly  in  a  vertical  direction,  whereas  the 
enlarged  gall-bladder  swings  in  a  short,  circumscribed  arc,  with  its 
long  axis  as  the  radius;  it  is  frequently  possible  to  slip  the  kidney 
under  the  fingers  in  various  directions.  Respiratory  mobility  affects 
the  distended  gall-bladder  more  than  it  does  the  kidney  unless,  of 
course,  the  latter  be  floating  far  below  the  liver.  Finally,  gaseous 
distention  of  the  colon  makes  the  gall-bladder  prominent,  the  kidney 
less  so,  or  completely  prevents  it  being  felt. 

PERCUSSION 

There  are  two  so-called  arecis  of  liver  dulness,  one,  the  area  of 
absolute  dulness,  representing  that  portion  of  the  organ  which  is 
parietal — that  is,  in  apposition  with  the  lower  ribs  without  the  inter- 
vention of  lung  tissue;  the  other,  the  area  of  relative  dulness,  repre- 
senting the  narrow  zone  above  and  adjoining  the  absolute  area,  where 
the  liver  is  covered  by  a  thin  layer  of  lung.  The  vertical  extent  of 
absolute  liver  dulness  is  wide&t  in  the  nipple-line^  begrond  which  it 
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lapcn  gradually  Around  the  cliei^t  to  an  interspace  in  vidUi  i 
the  right  scapular  lino,  and  moro  eharplj  to  the  left  in  fron 
antil  it  |)aHset<  into  tlic  cardiac  di]hi(»«,  from  which  it  cannot  1 
d«finit(!l)'  dcliraitt'd.  ut  about  the  ei^ith  rib  within  the  left  par 
sternal  lind. 

The  lower  border  of  normal  liver  dnlncsfl  corr€¥ipondi'  closely  wi' 
iti)  uiKilomic  limitK;  tbal  is.  frnin  Uw  right  midclavieiilar  line  W 
ward  it  l)oginii«  at  iho  ImhIits  <i{  ilic  ritm  (tenth  rib  in  ihc  ucilla: 
iino,  pk'venth  rib  in  Iho  Bcapular  lini-).  Here,  anteriorly,  it  is  noct 
sary  I"  jktcuss  gtnitly  from  Ih'Idw.  so  us  to  avoid  oclipsing  the  fli 
signs  of  dulnt-as  of  ihe  thin  edge  of  the  liver  by  the  adjacent  colon 
tympany. 

Tlif  itpjirr  btirdrr  of  abiiDlute  liver  duhioM) — ^that  is.  Hie  lung-liv' 
boundary — naturally  bi^ins  whert'  lung  rcsonancft  absolutely  eeafw 
ut  the  baw  of  the  unciform  cartilajre  in  the  middle  line,  at  the  jdxi 
rib  in  the  nipple-line,  the  eighth  rih  in  the  midaxillary  linfi,  the  teni 
ril)  in  the  Bcapular  augk-  lino.  IIiIk  i»  at  the  same  timo  the  /ov 
hiirdi-r  lit  n-lativr  ihttncKS. 

The  iipprr  bonier  nf  relalivp  dvlnras  is  alxint  one  rib  higher  >. 
aruuiul :  and  ubuvo  the  llttli,  ^'Venth,  and  ninth  riba,  in  tUe  reapecti' 
lines  just  mentioned,  passes  at  on«?  into  plpar  pulmonarv  r«£nnanr 

l',.-trri„ilv,  ri.Mi-  111,,  .pin,',  ihv  to«,T  bord.T  of  liver  dulm..^s  ,-a 
nnl  [„.  -,.,,iimi,.,l  Croni  ili,.  kiaiii'v  .hiliiC".  In  tlic  q»i>astrir  r*'-.'!' 
il  \.  ..(U'U  .nnkiih  ]<>  ^iH.'rhiin  llir  low.T  hnrdrr  of  livor  diiln<> 
I"  i-^ni-i'  <'(  i-.ijil'ii-iii^'  pi-(vii-  iiiiil  iiil.-liruil  lytu|iini_v,  on  the  one  hjin 
■.uu]    U<rn\i--  nf  -ImIik-.  o|-  (imi,  iliu-k   lu'lii.'s  of  llit-   roetus    inm.-l 

\\r  ]„-ivii-.-.  ,l,.uiuvMi,l  In, II)  111,,  lull-  W  .l.-lrnniTif  the  upper  l«i 
il,T  u(  l,r|,„ii.'  ,hilii,--,  :iii,i  iipwanl  Inxii  the  ahdomen  lo  .lotermii 
llic  lo»,i-  l.,ir,l,....  'I'll..  ii.Miiiiil  Imiiiiiliiric^  Viiry  somewhat  in  differe 
iii,li\iaiial-,  jr,..r,|iii^'  to  III,.  -')-/<■  ;ni,l  ~li;ipe  of  the  liver,  and  f 
<.,Mi,li[i,,ii  nf  ilii'  hill--  ;iii,l  ;i,l.jiu,.iil  or-aits  as  well  as  the  fonnati. 
„r  ih,.  \„.m-  ,li,.-l  ..iM..  r.,.-j,l,-.  111,.  „,,]„.r  Imnler  of  diilness 
,li~l,l; i  Uy  ,l,-.-|i  lir,.iiliin-  (,i,-ii\,.  ui->Mliiv|. 

Til..  I, lid  «i,lili  ,,f  liv-.r  .iiilii.."  (ali-,i!iih.  iin.l  relative  cfiniliine. 
i-  ^..,111  iMin-  i,i,l„..  in  III,.  ],.ri  ii,i,l,.!aviri,liir  lino,  six  inehes  in  i 
iiii,l,ixill;nv  liii...  an,!  ihr,',.  iiirli,-  in  ilir  -i-:ipiilar  line.  In  ehihlr. 
111,.  I,iu,.r  l.,,r,l,-i.  of  ,hiln,.-<  \-  ii,>riMMIv  |,,u,t  ihan  In  adults:.  ,„,.]  , 
ii|iI"-rl„.i.|.Tlii-h,.|-,  lM.,-ini-e„ril„.  ivhiiivrK-  u'ivai,T  si/c  of  the  or-a 
/'.r  ,;uJn>.  tlu'  1. .«■,'!■  liiiiil   of  lu.patir  ,!uliu.^^  is  a  little  higher 


^-> 


THE   LIVEB,   SPLEEN,   AND   KIDNEYS  399 

AusctUtatory  percussion  may  be  applied  with  precise  results  in 
outlining  the  liver  borders,  and  in  determining  whether  an  adjacent 
tumor  is  an  outgrowth  of  the  liver  itself,  or  whether  it  is  conjoined 
to  a  neighboring  viscus. 

Pathologic  Belations  of  Changes  of  the  Area  of  Liver  Ihilness. — 
(1)  The  UPPEK  BOUNDARY  may  be  found  to  be  higher  than  normal. 
In  the  first  place,  this  may  be  due  to  some  thoracic  condition,  and 
thus  becomes  an  apparent  instead  of  an  actual  increase  of  liver  dul- 
ness  upward.  The  causes  may  be  lobar  pneumonia,  pleural  effusion, 
tumors  of  the  lung  and  pleura,  marked  thickening  of  the  pleura, 
subphrenic  abscess,  and  retraction  of  the  lung,  causing  more  of  the 
liver  to  Ixjcome  parietal.  In  cases  of  large  pleural  effusion,  the  liver 
is  displaced  downward,  with  consequent  lowered  inferior  boundary 
of  dulncss,  and  extensive  total  dulness  from  the  top  of  the  effusion 
to  the  lowest  point  of  liver  dulness.  With  small,  beginning  pleural 
effusions  it  may  be  difficult  to  eliminate  liver  dulness  extended  up- 
ward unless  the  history  and  other  evidences  point  to  thoracic  disease. 

Real  displacement  upward  of  the  upper  boundary  of  liver  dulness 
may  occur  from  marked  enlargement  of  the  organ,  tumor  of  its  con- 
vexity, or  upward  displacement.  In  the  fonuer  state  the  lower  bound- 
ary is  simultaneously  deeper  than  normal.  A  tumor  is  indicated  if 
the  raised  upper  boundary  of  dulness  is  irregular  in  outline,  or  a 
large  abscess  or  hydatid  cyst  nuiy  be  present.  The  lower  border  of 
liver  dulness  may  also  ha  depressed  moderately.  Displacement  of  the 
livcT  upward,  as  from  ascites  or  intense  tympanites,  is  accompanied 
with  upward  displacement  of  the  lower  border  of  liver  dulness,  and 
less  area  of  dulness  generally,  because  of  the  diminished  extent  of  the 
organ,  which  is  parietal. 

(2)  Upper  boundary  of  liver  dulness  is  lower  than  normal.  This 
results  from  any  condition  in  which  there  is  encroachment  downward 
of  the  extent  of  clear  sound  over  the  right  thorax.  If  at  the  same 
time  the  lower  boundary  of  liver  dulness  is  displaced  downward,  the 
cause  is  either  marked  emphysema  or  pneumothorax.  In  the  former 
condition  the  simultaneous  low  position  of  both  boundaries  may  be 
accompanied  with  decided  low  position  of  the  lower  border  also,  be- 
cause of  the  enlargement  of  the  liver  due  to  the  engorgement  which 
usually  goes  with  advanced  emphysema. 

A  low  position  of  the  upper  boundary  of  liver  dulness  without 
simultaneous  lowered  inferior  border  may  be  found  temporarily  as  an 
accompaniment  of  compensatory  emphysemdj  where  the  lung  fills  the 
complementary  pleural  sinus  above  the  dia|fliragm. 
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(3)  The  utwKs  BOtTNDARY  flf  UvcT  duIne^H  is  higher  iu  apvarl 
(littplaoement  of  the  organ,  as  from  a§cit€it,  tyiupamteM.  aud  'Wf- 
mous  Hlidominal  turoors  pressing  upward ;  also,  in  atrophy  (cirrliou.) 
of  the  liver. 

(4)  The  LowBB  BOUHDABY  of  liver  dulness  is  dfpre^xed  ia  ai- 
largement  and  downward  di^locatioa,  a»  has  already  been  pointed  ovl 
in  coniicclion  with  associated  displaremcnt  of  the  uppt?r  liouiulm. 
The  lower  line  of  dulneas  is  more  vertical  or  horizontal  arcordini 
to  the  cause,  degree,  and  aide  affected  in  depressing  (he  organ.  A 
large  pleural  effusion  on  the  right  side  will  produce  the  j!t«*Ii'^ 
tilting  downward  of  the  right  lohe  of  the  liver,  and  conaequeollv  i 
sharp  slope  upward  toward  tlie  left  of  the  lower  l)ord(ir  of  dotnGK. 
On  the  oUier  hand,  a  heavy  and  ab\indant  pericardial  nfTii»ion  will 
eause  the  lower  Imrder  of  liver  diilnpss  to  take  a  moru  borixonul 
trend  lM!<'aiise  of  the  pressure  upon  the  left  lobo. 

DlMIN'lBHKU    TOTAL    ABKA    01'    LIVltR    DTaKE68    IS   mOSt    OOmin'inU 

caused  by  atrophic  rirrbosis  of  the  organ;  rarely  by  acvte  gfllow 
atrophy.  An  apparent  decrease  in  the  area  of  hepatic  llutncse  msv 
\te  dtie  lo  encToachmcnt  by  distcaided  {ctnphyBcinalnuia)  lung  ohtive, 
or  by  distended  stomach  or  colon,  or  pneumoperitoneum  (from  nlcer- 
ann  or  traumatic  perforation  of  the  gut)  from  below. 

.]h<r„,r  ,.f  llrrr  ,h,h,r..  iii.li.-,,!.-  ii  i-om|>n>h'  dislncitiori  .-.f  i. 
livcv,  cillirr  a^  wiuidciin^'  liver  or  us  u  ])art  of  inversion  of  the  vi.-icerj. 

A/j/j'trnif  riiJ'inr'mi'i'l  "f  Ihe  liver  downward  may  be  misjudgi-d 
liriiiii-f  ol'  i(iiilis:u.ni.-  dull  areas,  .-^ueh  iis  arise  from  fecal  accnmuU- 
liori-  id  ilic  tr:iii^uTse  i-iilon,  luinors  of  the  colon  or  stomach,  renal 
iiiiii  hi]-;;i'  o\aiiitn  luiiiors.  piiTierciilic  ey>t,  tumors  of  the  omentum 
l-:iivoMi;iii)ii.  .ir  tiil«.Tculous),  nnd  iisciics.  It  may  also  be  mistakenly 
iiifiTii-il  nil  ;n-,oiiiii  of  ii  iiiodvriilel v  jirohipscd  position  of  the  organ, 

'I'mo  allriiitimi-;  nf  tht>  nl'ilivr  lin-r  ^Jiihiesx,  of  minor  diagnostic 
\:\\i\i;  iniiy  Ih'  noin] :  it  i>  /jr;//(  in  ar-<oeiiilion  with  great  enlargemenl 
u|jw:iiil  iif  ilii'  liver,  iirnl  conse<|uent  liigh  vertical  position  of  the 
iiiiliTiVir  Willi  .•{  die  ilinplinigiu:  it  Is  loir  from  pneumothorax  and 
M'vrn.  nnpliv^^nin.  \\W,v  tlu'  ilinplini.irni  is  thus  flattened  domi  m 
iliiii  il>  iiMlrrior  |iniiioii  loavus  llie  llmraeic  wall  somewhat  perpea- 
ai<iihirly  (ViiTOL-dt). 
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iilitis  by  recognizing 
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A  continuous,  soft  blowing  murmur  may  be  hoard  over  the  livci 
in  some  instances  of  tricuspid  regurgitatioa. 

A  gall-stone  crepitus  or  grating  sound  may  be  audible  over  tlio 
gall-bladder  in  certain   cases  during  deep  breathing,  palpation,  < 
movable  pressure  with  the  stethoscope. 


TOPOGRAPHIC   ANATOMY   OF  THE   SPLEEN 

Tiie  spleeu  has  an  oval  shape,  its  long  axis  being  parallel  with 
tho  ribs  under  which  it  lies  in  the  left  infra-axillary  region,  these 
riljs  huiiig  the  ninth,  tenth,   and  eleventh.     Posteriorly,   it  reaches 


i 
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nearly  to  the  spine,  about  one  inch  from  the  tenth  dorsal  vertebra. 
Laterally,  it  approaches  closely  to  the  midasillary  line,  no  that  its 
length  averages  about  four  and  one-half  inches,  with  its  corresponding 
axis  running  a  course  dnivnward  and  forward.     The  spleen's  breadtti 
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is  about  three  incheB.    The  notch  on  its  anterior  borcler  is  palpabl; 
only  wbeii  the  organ  is  enlarged. 

Ilti  rilations  to  other  structnrw  whoiild  be  recalled.  It  lies  ia 
dose  contact  with  Ihe  under  eiirfaiti  of  the  iliajihrHgiii  as  it  arelci 
upward,  roetero-inferiorly,  the  spleen  overlaps  a  siiijUI  poriina  of 
thv  Ivft  kidni.-y.  iind  nntt-riarly,  it  lk<«  in  c-ontat-t  with  the  oatcr  pottm 
III  the  greater  curvature  of  the  ftoiuach  and  the  splenic  flvxun:  of 
Iho  polon.  Topopraphically,  tho  splwn  is  in  contaet  with  the  Inww 
purtion  of  the  thorax  only  with  Jtj*  lower  Iwivlhjrdo.  the  npper  third 
ixfiiig  separati.'d  from  tlie  ribs  by  tho  dinphragin  untl  lower  borJff 
of  Ihc  left  lung.  ThiB  parietal  portion  i*  enmewhat  variuhio  on  i«- 
count  of  the  mobility  of  the  lung  as  affectw!  hv  the  depth  of  U* 
respiratious  and  the  posture  of  the  body.  The  upper  and  luilcnu 
border  of  the  8|ileen  forms  the  rplfi-n-tiing  angle  at  alwdit  the  riifltli 
rib  in  the  posterior  axillary  line,  when  the  hody  is  in  the  dr>r9»! 
position,  or  it  may  he  at  tlie  anierior  nxJllory  line  «'h«»n  tn  tho  right' 
Kided  position.  The  lower  splenic  border  runs  haekward  sdoiu  fit 
eleventh  rib. 

EXAMINATION    OF   THE    SPLEEN 


I 


From  il-  pn-iijm)  iirw-Mh  \\v  rili>.  il  is  oliviou-<  tlijif  the  nontal 
ihi-ii  .■Jill  ui'illii'i'  bo  iii>jii'('liil  our  pulpatod.  Only  when  greath 
ilnrjicil  I'liri  ibc  -|i|i'eii  lie  iiii-juvli'd,  liecmise  nf  the  bulging  doini- 
jii'il  iiHil  I'diwaril  J'rom  uti<1.>r  \\w  l.'l'l  b^vpochondrium,  often  disM)^ 

1^'  ilii>  ;;rciiii'c  jifU'li'Ki  o'i  ill.'  •.\\)•\•^ il.     Tbe  antero-inferior  edp 

r  mii'Il  II  j:irMlly  Miliii-nl  -[ilci'ii  iiitiv  cxliiliit  a  sharply  outlinrl 
i-iil-lKi|ii'(l  l"H-i|,'i'  nl'  ^linln  i.|,.viiiinii  of  tJie  ovt'rlying  skin.  Thi* 
l;:c  iitiil  lln>  wlirilf  liHiior  iiiovf  (villi  respiration.  I  have  noticed 
I'i'ii  il  -liulil  ilrprei^srnn,  corn'-iniinlijij,'  In  the  splenic  notch,  in  tin) 
louii  ^iileiiic  f(iliir;;iiiicnl  xvlu're  the  belly    was    tensely 


liMi'il. 


'\l.r\THiN 


Tlir  <M-i'  aji.l   iiniiriicv  \\\\\\  uliirli   \\w  pallmlogic  sploen  mav  K- 

lilpiilnl  .IqiHic]-   ii|in)i  111,.  ,1,-H f  iK  .■iiliii-eiiimt,  the  techuii-al 

kill  'if  II viiiiiiiir)-,  ;,iiil  III..  nKi.iiiiiunniiiiih.imiiinnl  wall.     Slighi 

ml  imiilriMii'  ^|i|i.[iir  .■tihrL'i'iiii'iiN  mil  t'"i'  ii  praeUsefl  and  patient 
rliiiir  r,ir  llicir  ilrtrrlinii,  i',i,|,r  il„-,.  ritviim^himvs  the  anteiv^ 
iif.-riiir  (vl^r  i,t;iy  l>r  I'.'ll    In  |>n,ji.1    Jii-I    l.i-v I  the  free  border  .>f 
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the  ribs,  especially  during  a  deep  inspiration,  as  a  Piiiooth,  rounded, 
blunt,  rather  firm  but  not  hard  surface. 

The  patient  should  be  in  either  the  recumbent  or  the  midway 
position  between  the  dorsal  and  right-sid</d  position.  Tlie  warm 
hands  may  be  appliwl  in  several  ways;  Ordinarily  one  may  apply  the 
fingers  of  both  hands  close  together  under  the  left  rih  border,  in  the 
midaxillary  line;  thus  nioderalc  enlargements  may  be  detected,  such 
as  .the  acute  splenic  tumor  of  typhoid  [ever.  It  is  advisable  in  this 
methixl  to  draw  the  abdominal  skin  downward  a  liltlc  lirst,  so  as  to 
palpate  through  as  lax  tissne  as  possible,  and  to  feel  for  the  edge  of 
the  spleen,  especially  at  the  moment  of  fullest  inspiration. 

Probably  the  most  satisfactory  and  reliable  method,  however,  is  to 
palpate  bimanually  by  crossing  hands,  so  that  the  left,  placed  over  the 
norma!  position  of  the  spleen,  draws  this  lower  portion  of  the  thorax 
inward  and  douTiward,  at  the  same  time  sliding  the  skin  loosely 
toward  the  right,  for  the  reason  given  in  describing  the  preceding 
iiiclli.ul.      The    risrht    hnTid    i.f    iIk'  c\rtiriincr    incanuhilc   nwtiits    tlu- 
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Pig.  Si— Palpatino  the  Spleen.     (MuR-ftT.) 

spleen  hy  pointing  straight  up  under  the  rib  border,  and  pressing 
in  a  little  with  the  finger-tips  at  the  end  of  inspiration,  while  the 
pressure  of  the  left  hand  over  the  splenic  region  is  exerted  simul- 
taneously. 

Another  method  is  to  have  the  patient  lie  on  the  right  side,  while 
the  physician  stands  behind  and  crooks  the  fingers  under  the  rib 
margin  and  tries  to  feel  the  spleen  at  the  end  of  a  deep  inspiration. 

Abnormally,  the  spleen  eau  be  felt: 


PIIVSICAI.  DIAGXOSn 

(1 )    If  it  in  E^nlargMl. 

{■i)   IF  it  i»  <li«plA»nI  (wtt]iil<Ting  nr  floatjnff  spleen). 

(H)   In  wrtiiin  i-aws  of  clieet  deformity. 

By  imlpalion  we  ilptcrmim-  tin.*  inze.  shop*:,  turfac*.  rtumina. 
mahility,  and  pDsitwn  of  tlic  i^piwii.  A*  nnlinarily  the  spletn  i*  ^ 
pable  (inljf  whtiu  it  in  mlargwi.  it  will  lie  nppmpriatv  lo  point  not  lb 
variiuiN  iTaiiMu  of  onlargenipnl,  and  at  the  Hump  time  indin'^  t^  | 
changeii  in  the  other  physical  signs  associated  wich  a  given  ttzy:  i 
i»f  enlargemoiit.  Mont  of  the  vnlargenioifjt,  wpeciallv  \\\ti^  n'.  •W'< 
nr  nimlerate  dpgive,  are  unifonn  in  shape;  and  even  the  majnni-  ' 
the  larger  and  more  elironic  enlorgtroents  hnvi*  the  form  nf  li* 
iionniil  sjileni. 

{a)  Infeclimm  Ffbrile  and  Sfptie  Diteaneti. — These  c»u.s4>  juVjit" 
mi>d''ratr  splunic  iinlurgcvmeiit,  of  uniform  shape,  Rm<x>th  surface,  ntt 
or  tiKKlerntely  firm  consi-itence.  and  fllighl  respiratory  n>ot)iUt>*.  Th 
princijjal  causes  under  this  head  are  typhoid  fowr,  maUnal  few, 
wark't  firt'cr,  8  mail  pox,  rolapsing  fever,  typhua  ivver,  errHpdfe 
septieopyeniia,  acute  miliary  tuberculosis,  and  epidemic  cerebiwpiiu^ 
niL'ningitia, 

(b)  Chronic  Blood  Die*ates,  Pfwipalls, — Here  tlieiv  ie  nlmMii 
form  pnlarjrempnt  of  the  splpen,  hut  the  siw  is  grenfJv  »ncreaj«'3iw 

,iii<l  III.'  mnliiliiy  r-.i-i]\  (ii.|itoii.-tiiil>if  uiil.'.'i^  the  eiilarpemeut  is^  ^' 
.■MT.-iir  ;i-  t,,  |iiT\i'iit  downward  movement  of  the  diaphragm.  T" 
ill'  ciiiiiiii'iMiril  liciT  nri'  ihi'  folhuring:  Chronic  malaria,  chronic  con- 
^;('-iinii  i'l'iiiii  |)iiiu;n\v  lu'patic  eirrliopis,  leukemia,  splenic  anemia. 
IloilL'l-iirf.  (liMji-c,  iiimloid  dj-ii-asp.  Iiiherculosis,  sj-philis,  rickelA 

(')  .Xmi^LiMiis.  (/-.--'riic  spleen  is  irrepilar  in  shape,  modmt' 
■  11'  iii;irk-('d  in  i'iil;irp>iiiciil,  mn-vcii  of  surface,  fimi,  fluctuating,  or 
\-of!ii\  in  coiiHsti'iifi'.  mill  Mini'e  or  les.*  responpive  to  respiratory  moie- 
iricnlf'.    Tims  we  iLiivt'  CHiiriT,  ali.-irfws,  and  hydatids  of  the  spleen. 

Jn  rmwr  'if  the  discs  of  lurgc.  uniform  enlargements  of  the  spleen, 
nilrhe*  niny  hi'  foil  nlimg  its  luiti-rinr  liorder. 

Witriilnriiig  -p!i-i'n  mny  \\o  piilpiili'd  iMiitcr  .sometimes  by  placing  tlie 
|i;itjrti(  ill  tlh'  kn,'i'-clii'<f  [la-iilnn:  Ihr  liitum  may  also  he  felt,  and 
n'~|>iiiilory  Kiol.ilily  i.<  iliniiiiislird.  <n-  ninre  nflen  ahf^ent. 

Differential  Diagnosis. — It  is  impnrtnnf  to  distinfruiwh  hotwoen 
>plenic  <.n]iir^r,.|„<>nt  itud  tumor  fif  tlu-  k'fl  kidney.  This  will  1-' 
discuss..,!  ill  111,,  rnnsideritfion  of  flio  l.iltcr  orrrnn. 

II  is  pnssililc  soMii'linie.s  In  misfnkr  ,if  first  a  frrnJ  «,«,«.,  ,„  ,)„, 
^/■Innr  flr.r>nr  of  tdo  colon  for  lin  nilni-cd  -^.Wn  :  Imt    Hie  peculiar 
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doughy  feel  of  the  former,  and  its  removal  by  catharsiB  or  enemata, 
as  well  as  the  absence  of  splenic  outlines  and  of  respiratory  and 
passive  mobility,  serve  to  make  the  diagnosis  clear. 

The  occurrence  of  cancer  of  the  cardiac  end  of  the  stomach,  or  of 
an  enlarged  left  lobe  of  the  liver,  should  be  borne  in  mind,  but  hardly 
needs  any  specific  points  of  diflferentiation  from  splenic  tumor  at  this 
place  other  than  to  mention  that  the  study  of  location,  form,  con- 
sistence, and  mobility  will  usually  suffice  to  decide  in  each  instance, 
associated,  of  course,  with  the  gastric  history  and  symptomatology, 
and  the  results  of  other  methods  of  examination. 


PERCUSSION 

This  method  of  examining  the  spleen  is  of  less  value  than  palpa- 
tion, and  is  only  confirmatory  of  enlarged  spleen  when  this  organ 
has  been  felt  as  such. 

The  normal  splenic  dulness  represents  that  portion  of  the  spleen 
which  is  parietal ;  that  is,  below  and  between  the  inferior  lung  border 
and  the  eleventh  rib.  This  dulness  is  not  extreme  or  flat  in  quality, 
owing  to  the  juxtaposition  of  the  resonant  lung  and  the  tympanitic 
stomach  and  colon.  The  dull  area  varies  slightly  in  position  and 
definitencss  because  of  its  respiratory  and  passive  mobility,  being 
more  posterior  when  the  patient  lies  upon  the  back,  more  anterior 
but  less  dull  when  on  the  right  side  (the  spleen  being  farther  from 
the  ribs)  ;  with  the  pati(»nt  standing,  however,  the  spleen  is  a  trifle 
lower. 

To  outline  the  splenic  area  of  dulness  by  percussion,  the  subject 
should  lie  on  the  right  side,  midway  between  the  dorsal  and  extreme 
lateral  positions,  with  the  left  arm  elevated.  As  the  dulness  obtained 
is  merely  relative  in  most  cases,  the  percussion  should  be  made  with 
light  strokes  over  the  antero-inferior  portion  (uncovered  by  lung) ; 
posteriorly,  stronger  strokes  are  necessary.  When  the  spleen  is  greatly 
enlarged,  the  dorsal  posture  will  do. 

To  determine  the  upper  border  of  splenic  dulness,  we  begin  by 
noting  the  inferior  lung  limit.  With  moderately  strong  blows  we 
percuss  sufficiently  high  up  in  the  posterior  part  of  the  axillary 
region  to  elicit  good  pulmonary  resonance.  Percussing  thence  down- 
ward, we  note  the  first  evidence  of  slight  elevation  of  pitch  and  rela- 
tive dulness,  then  with  lighter  strokes  continue  downward,  AQtiag 
true  dulness,  until  a  faint  tympanitic  quality  is  p^nfif^  TbiB 
gives  the  upper  boundary  of  splenic  dnlneaSi  where  idfttiT^  pw^ 
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into  nfarly  absoliiti?  dulDess,  anil  tilso  the  TOrticiil  wtcnt  of  diilnees 
along  tlie  perpendicular  line  of  percuss  inn. 

The  anterior  border  of  epleiiic  ilulta'ss  la  olitiiinwl  by  percussing 
from  before  backward  at  the  level  of  and  in  tho  direction  of  the 
tenth  rib,  beginning  at  the  coslal  nmrgin.  Thus  we  note  where  the 
gastric  tympany  changes  to  splenic  flulnesa. 

The  inferior  limit  of  splenic  dulness  is  daterminud  by  percussing 
upward  in  about  the  posterior  axillary  line  until  intestinal  tympRiiy 
merges  into  the  dulness,  which  is  normally  at  tiie  eleventh  rib. 

The  posterior  limit  seldom  needs  to  be  determined,  and  usoatly 
cannot  bo  Batisfaotorily,  for  obvious  anatomic  reasons. 

The  size  of  the  area  of  splenic  dulnosa  is  estimated  ordinnrily 
by  its  vertical  cstcnl.  iu  tlie  niiildle  or  jinslerior  axillary  liiie.  below 
the  spleen-lung  angle,  where  the  inferior  lung  border  begins  to  (>n.T- 
lap  the  fipken.  Normally,  thin  mcaauri's  on  the  average  alxtut  three 
or  three  and  one-half  inches.  Ayain,  the  anterior  limit  of  tlie  splenic 
area  should  not  extend  beyond  the  linea  coalo-arlicularii,  or  the  line 
drawn  from  the  tip  of  the  elevenlh  rib  to  tho  left  Eternoclsvictilar 
articulation  (Vierordl). 

Variations. — The  area  of  splenic  dulness  may  apjtarently  be  in- 
eieased  through  distention  of  the  etomaeh  vith  food,  fecal 
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AUSCULTATION 

A  friction  sound  over  tlio  splonie  area  may  be  set  up  by  a  plastic 
deposit  upon  tlie  serous  covering  of  the  splci'ii  and  the  parietal  por- 
tion of  tilt'  pcritonemii  opjKisJle  to  it,  tliis  soiiml  corresponding  to  the 
diuplirafimatir  movenifiits.  Sueh  cvidi'iicc  iif  prrisphnitls  may  indi- 
cate a  r^eptic  embolns  ami  infarct  of  the  spleen,  an  al)scess,  or  simply 
an  intense  splenic  congestion  associnled  witli  a  severe  infectious  fever. 
In  the  marked  c.ims  of  enlaffiement,  as  in  leukemia  and  chronic 
inalaiia  ("  ajrue-eake  "),  distinct  perisplenic  friction  may  \tc  heard  not 
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TiuKc 


one  on  each  side  of  Ihe  spimd 
fat  as  they  lie  in  their 
<|ua<ira  tiis  1  u  m  horn  m 
rnnscles  and  the  hunl>ar 
pdrlions  of  the  diu- 
phrn;rui,  the  ri;;ht.  how- 
ever, a  lillle  lower  than 
the  left— iiiiout  J  in. 
Their  lower  ends  diverge 
somewhat,    so    llmt    they 


(il  organs  lie  against  the  posterior  alwlominal  wall. 


out 


fii 


hreadlli  farther  from  the 
median  hndy  line  than 
their  upper  ends.  Each 
kidney  is  about  4  in. 
lonp.  about  2^  in.  broad, 
and  J  to  1  in.  thick. 
The  upper  border  of  the 
right  kidney  lies  in  con-  Fm.  sri.-sii.miNtj  the  .Vohmai,  StrnPACE  Rei.a- 
taet  with  the  liver,  and  t.on«...- the  Kirvky,  Ant.:k,..hlv,  and  t..e 

reaches  the  level  of  the  (Bmier.) 

eleventh      dorsal     spine; 

that  of   the   left   kidney,  overlapped   by   llie  spleen,  reaches  to  the 
eleventh  rih.    The  lower  end  of  the  left  kidney  coincides  with  the  level 
of  the  Ihinl  himbar  spine;  that  of  the  right  is  J  in.  lower,  or  about 
20 


PHYSICAL    DIAGNOSIS        ^^^^^ 

Slight  or  moderate  enlargements  are  not  palpable  unless  the  ki 
ie  at  the  same  lime  diaplawd,  Ttwsii  include  such  affections  as  ' 
engorgement,  chronic  nephritis   ("large  white  kidney"),  and  : 

loid  kidney. 

Largi-  reniil  iumnrx  &tk  ditficult  to  diagnose,  becaueie  or  their 
trusioD  forward  and  simulation  of  other  abdominal  or^nA  wija 
Tlie  following  enlargements  of  the  kidney  are  pnlpalile  wilhou 
dislocation:  Malignant  disease,  sarcoma  more  often  tUan  citn-iai 
cystic  degeneration;  hvdronephroeip ;  pyonephroais,  including  tub< 
losis ;  cchinococcus  disease,  and  perinephric  absccas. 

These  tumors  are  felt  to  occupy  the  ordinarily  soft  hollow  ol 
loin,  sometimes  extending  anteriorly  nearly  as  far  as  tht-  umbil 
and  filli!ig  completely  the  space  between  the  costal  njarjfiu  anil 
crest  of  the  ilium,  as  in  a  case  of  sarcoma  which  I  duw  in  a  < 
of  eleven  years,  and  ono  of  cystic  disease  of  the  left  kidney  in  a  y 
woman.  Sarcomata  in  children  are  especially  large  tumors  tn  al 
ing  the  kidney. 

The  new  growths  are  usually  firm  iu  consistence,  and  give 
kidney  an  irri-gular  shape  and  uneven  surface.  With  hvdro- 
pyonepbrojis,  however,  the  outline  is  round  and  smooth,  and 
fluctuation  may  be  elicited;  liVowiae  with  hydatids,  if  the  cyst; 
Millirirnllv  bii-t-r.  Knial  li.iii..r-  :n-r  l-iil  -lidnk.  if  at  all.  iuihu- 
liy  \Uv  r,-.)]ir;it..iT  inovfiiRiit-;.  .i.nl  ilic  ah.~,:un'  of  du.-cviu  will 
spiralidii  in  tlie  cuse  nf  a  large  tinuor  in  eitiier  flank  points  to 
Icidni'V  riithiT  ilmn  to  t^plenic  or  hepatic  involvement.  With  the  ■ 
ni'pliric  iili«ci'"S  there  is  a  boggj-  resistance  over  the  region  of 
kidney.  In  tnnirjr'^  of  Tiioderate  size,  as  in  certain  cases  of  c 
diucai^c.  till'  ^liiipi'  '>!'  the  kidiii'y  may  be  preserved  to  a  degree. 
ro\imii'd  erlgc,  iiiid  n  surl  of  luiUolPiiivnt  phenomenon  may  be  deU 
by  hiinnnuiil  piiliffllion.  An  iniportunt  aid  in  the  diagnoais  of  r 
tumors  is  IIil-  n-bilion  of  ilic  colon,  nnd  often  the  small  inlcj 
wliicli  iri;i\  )»•  felt  iUni  |>.>iTri-^ed.  Itiurt  showing  that  they  are  in  fr 
iilijlr,  ii]r  ill'-  iiilnT  liiitiil.  ^|ili'iiii'  lurnor.*  especially,  and  hepatic 
iiii-r-  ii-ii.illy.  r|i)  mil  ii.ivr  l.nwrl  ln'hicen  tlicui  imd  the  abdominal  ' 
111  1  ;iM-  iif  il'Hilii.  ilif  i.dlniL  Lii;iy  be  inllaled  with  air  per  rectal 


I'EHCrSSHIN" 

,  ll-^  ii.ffui   ^oiinr  '.I'  iiii'.rmiilion  as  to  the  phjT 
kiiliii'v  Ilmn   |iiLlp;itio[i,   iii'Vt  rllieli'-;'  percussion   is 

I    «liLii    iiddiliniiiil    iiiid    r..„linM;ilr>ry    results    ma\ 


r\ 
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when  it  is  at  once  enlarged  and  displaced.  It  is  then  usually  seen 
in  either  flank,  in  the  waist  line,  or  even  lower  down.  The  most 
common  causes  of.  renal  tumor  with  bulging  in  the  anterolateral  lum- 
bar region  are  sarcomas  in  children,  and  cystic  or  hydronephrotic 
growths  in  adults.  They  are  usually  not  movable  with  respiration. 
Sometimes  a  perinephric  abscess  may  be  inferred  by  the  discovery  of 
a  roundish,  shiny,  edematous-looking  swelling  in  either  renal  region. 

PALPATION 

This  is  certainly  the  most  informing  method  of  examining  the 
kidneys  physically.  Normally,  it  is  possible  to  palpate  them  bimanu- 
ally  in  some  children,  and  in  those  with  thin,  lax  abdominal  walls, 
especially  during  inspiration. 

Technic. — One  way  to  palpate  the  kidneys  is  to  have  the  patient 
in  the  dorsal  position,  with  slight  flexure  of  the  whole  frame,  from 
head  to  heels.  Then,  with  one  hand  pressing  firmly  forward  into  the 
loin,  and  with  the  other  pressing  deeply  (finger-tips,  palmar  surface) 
in  front,  near  the  midclavicular  line,  one  may  feel  the  enlarged  or 
displaced  kidney  slip  between  the  fingers  as  a  "  greasy  mass,**  to  and 
fro,  during  inspiration  and  expiration.  This  mode  of  palpation  is 
usually  most  satisfactory  in  the  transverse  line,  which  connects  the 
inner  portions  of  the  waist  curves.  A  movable  kidney  may  thus  be 
grasped  for  one-half  or  more  of  its  length,  and  popped  back  during 
expiration.  In  extreme  cases  the  kidney  may  be  palpated  throughout 
its  whole  length  ("floating  kidney*'). 

Another  favorite  method  with  many  is  to  attempt  to  grasp  the 
kidney  while  the  patient  stands  and  leans  slightly  forward,  with  the 
hands  resting  upon  a  chair  or  table;  in  this  position  the  abdominal 
walls  are  relaxed,  and  the  kidneys  fall  forward.  In  either  the  re- 
clining or  standing  posture  one  may  also  palpate  the  movable  kidney 
at  times  with  one  hand,  by  grasping  the  soft  part  of  the  flank,  the 
thumb  pressing  under  the  costal  margin  while  the  fingers  press  for- 
ward from  behind.  With  a  deep  inspiration  a  movable  kidney  may 
be  felt  to  slip  downward  within  the  grip,  squeezed  gently  (often 
causing  a  sickening  sensation),  and  then  slip  upward  with  expiration, 
or  be  pushed  up  under  the  seizure. 

Besides  movable  kidney — ^which,  of  course,  may  have  its  normal 
shape,  more  readily  palpable  because  there  is  usually  a  deficiency  of 
surrounding  fat  in  such  cases — ^there  are  the  various  enlargemenU  of 
the  organ. 
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wall,  ailvancillj;.  IW  Uwy  iiicrcnwc  in  siisc,  nblifiutily  tnwAnl  iir  q 
tliu  umliiliciit^;  thi'v  alsii  prntt^nt  usually  A  smoother,  ti8rd«r  s 
ami  a  ^harjj  antcrmr  eARc  with  tlip  characlt^ristic   nntch^. 


M..1   iiiaiinain  111,-  -liar  of  lli,.  khhvy :  arc.   in    tact,  k^ 

•""<"<■ alai-.'tiniii.  ••<  llii«  la'san;  tlii-v   fill   tlio  fUnk 

if   ilii'   iiaik   iiiutr  i-iii'iially.  ami   the   inflated    colon  i- 

,  Mi/uriinii.i,/.  Ill'  Ihc  y;,!rrn  aiiil  iiaiulfrhit)  spleen  mav 
ialcl  fill, 11  ;;,-ii/i».v  l:!,l,tr,i  l.v  the  following  points;  I» 
in:  llir  Irli  Kiilmv  i<  -ililoiii  Iniiinl  ,1  i,,.laco.l.  1,11.1  hcnff 
111,.  I,.fi   ,i,l,,  i.  i,n..,„iiiiiiv..  „vi,l,,im,  in  favor  of  ,pl,.„i,. 

, Ilv,    Il„,   |,alira!,l,,  ,lilT,,i,,ii,,,.   ,,r    f.n'm    alrcinl,-    i,„l«i, 

,f  Il„,   l.i,liii,v  anil    llir   ii,,t,l f   il„,   spleen.       Tliir.llv, 

Iiilil.v   favors  ili,.  -pi,,,,.      Imirllilv.  llic  pcrcnlory  re- 
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lations  of  the  colon,  and  the  results  of  percussion  over  the  splenic 
and  renal  areas.  If  the  tumor  is  replaceable,  it  speaks  rather  of 
movable  kidney.  Finally,  a  visible  or  palpable  depression  and  yield- 
ing in  the  region  of  the  eleventh  and  twelfth  ribs  may  indicate  dis- 
placed kidney. 

Associated  with  wandering  kidney  frequently,  and  thus  having 
diagnostic  clue,  are  the  physical  signs  of  general  displacement  of  the 
abdominal  organs — splanchnoptosis,  or  Glenard's  disease;  sometimes, 
also,  of  dilation  of  the  stomach,  prolapse  of  the  generative  organs, 
and  various  "  skeletal  stigmas,"  such  as  a  tendency  to  or  the  actual 
presence  of  spinal  curvatures,  hernias,  dislocations  of  joints,  pedal, 
and  thoracic  deformities,  etc. 

Obviously,  in  connection  with  all  renal  physical  examinations 
much  definitive  aid  and  confirmation  are  obtained  by  the  results  of 
clinical  chemistry  and  microscopy. 
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CHAPTER  XIX 

THE  HONTGEN  BAY  IN  MEDICAL  DIAGNOSIS 
By  G.  E.  Pf*htj:r.  M.D. 

The  increased  field  of  usefulness  of  the  Riintgen  ray.  and  its 
increased  accuracy  in  medical  diagnosis  render  a  work  upon  Physical 
I>iagnosi8  incomplete  without  at  lea^t  a  chapter  upon  the  subject. 

Two  objects  have  been  kept  in  mind  in  the  preparation  of  this 
chapter.  First,  we  desire  to  acquaint  tlie  general  practitioner  and 
the  student  with  what  may  be  expected  from  the  X-ray  as  an  assist- 
ance in  making  a  diagnosis.  Second,  the  general  teehnic  and  direc- 
tions for  making  the  examinations  are  given  to  assist  those  who  are 
already  partially  familiar  with  Hontgen  work.  A  complete  description 
of  the  teehnic  of  Rontgenology  would  require  too  much  space,  and 
would  l>e  out  of  piece  in  a  work  of  this  kind.  A  special  efTort  has 
also  liecn  made  to  give  directions  that  will  assist  the  physician  in 
the  interpretation  of  Rontgen  negatives. 

The  subjects  treated  will  be  those  Monging  purely  to  internal 
medicine,  and  will  consist  of  a  study  of  the  thoracic  and  abdominal 


THE    RELATIVE    VALUE    OF    RONTGENOSCOPY 
AND    RONTCENOCRAPHY 

The  fluoroscopic  screen  renders  valuable  a.s-iistance  in  diagno( 
It  can  he  used  by  those  who  are  less  familiar  with  the  general  teeh- 
nic of  Rontgen  work.  It  is  lesa  expensive  than  the  making  of  a 
Rontgenogram.  It  enables  the  physician  to  study  the  movements  of 
the  organs.  Finally,  it  enables  him  to  study  the  organs  from  various 
positions,  and  to  get  his  results  quickly.  In  order  to  make  Riint- 
genoscopic  examinations  successfully,  it  is  necessary  to  make  them 
in  a  darkened  room,  and  the  physician  should  spend  from  iivo  to  ten 
minutes  in  the  dark  room  before  beginning  the  exam i nation,  so  that 
his  eyes  will  he  in  condition  to  appreciate  delicate  shadows. 


* 
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Rontgenoscopy,  howovpr,  has  several  disadvantages.  It  wqnires 
un  exposure  of  a'verul  minutes,  and  at  times  a  half-hour,  until  the 
physician  satisfies  himself  and  those  around  him  concerning  the  vari- 
ous shadows.  Tliis  at  onee  makes  the  Kiintgen  rays  a  derlouii  danger 
to  the  patient,  and  a  very  grave  danger  to  the  operator,  bcTaitoe  of 
the  many  repetitions  of  thc^  exposures  in  the  examination  of  many 
patients.  The  danger  to  the  opt^rator  is  a  troublesome  domiatilin, 
the  loss  of  hair  and  nails,  and.  as  hajs  been  moo!  rec<'ntly  shown,  liie 
danger  of  the  production  of  sexual  sterility.  Thia  has  IwJ  Ihe  otdpr 
and  more  esperienciil  Itiintgcnologists  lo  ahandon,  or  at  least  limit, 
Rontgenoscopic  examinations.  These  prolonged  examinations  are  al.-n 
a  great  wear  upon  the  tubes  and  tlio  apparatus,  and  thorefon^  mun- 
or  less  expensive. 

Rijntgenograpliy  lias  many  advantages.  With  good  tet-tmie  and  a 
good  apparatus,  a  Hiintgi:^nogram  ean  lll^  made  of  any  part  of  the  IxnIv 
in  from  one  second  to  oue  minute.  It  is  practically  impossible  to  do 
the  patient  harm  in  this  short  time.  During  this  cxamiDAtinu  the 
operator  can  work  behind  screens.  We  therefore  avoid  at  once  the 
most  serious  objection  found  in  screen  examinations.  Tho  plato  forav  J 
a  moat  accurate  and  permanent  record,  vhich  can  be  demoiutiBttt 
tti  others,  or  can  be  referred  to  at  any  time  in  the  study  of  the  pngrim 
.>r  run.  ..{  Ih,-  dL-r;,.-,..  (Ii-jjii-  r:,n  ]>.-  MwVuA  riom  v^ru.u.  ]i..>liMn^ 
liV  niiikiii^'  srMM-al  iilatr-.  Tli^'  i<t.m-.1<  will  (lu-n  be  p..TiimiK'nl,  anJ 
ntii  III'  UM'd  fill-  ini'fi-  dchiilcd  slmly.  Tlie  most  inigiortant  advantage. 
iiiiw.'vi'i'.  iif  \\w  liiiiiliieiii'j-rmu  is  tiie  great  impiwement  in  detail  and 
nciiiriii-y.  Sbiiildwi  whicli  cannut  be  scf-n  at  all  upon  the  screen  will 
a]i|nsir  ck'iii'ly  upon  llii-  plate.  This  incrca.se  in  detail  and  aocuran 
vi'ili  easily  ri'imy  llic  ivvtru  cost  of  time  and  nioney.  and  is  to  l* 
n'coitiiiiL'ndfd  always,  even  when  a  fluoroscopic  examination  has  Iwern 
made. 


GENERAL  TECHNIC  OF  RONTGENOGRAPHY 
OF  THE  CHEST 

\-  a  villi.',  IiutH;;i'iii>j;raiiis  of  llir  I'lu^i  arc  best  made  w-ilh  the 
III  III  ilir  rt'ciiriilient  ]io>itioii.  'I'lu'  supine  or  the  prone  poiiitinn 
1"-  ii-i'd.     If  IIlc  lesion  In  be  if^|-«rLally  studied  is   nearer  the 

.■n-v  v^iill.  Ihe  suj-iiiu  position  slioiiM   !"■  ur-cd.     If  the  lesion  i? 

IT  iln'  :iiiterior  wiill,  the  iirmie  poriiinii  i-  lu  be  preferred.  U 
mill  i'\]"'iisc  iire  not  considcrati'Ui-.  I"tili  [m-iijons  should  ho  ujtJ 

:uU   .a-i.,      The  lii.n.!-   slimild    !«■  •■In^i-.A  ,,^^T  the    head.      Thi^ 
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throws  the  scapula  out  of  the  way,  and  leaves  the  lateral  wall  of  the 
chest  clear.  When  fluids  within  the  chest  are  to  be  examined,  the 
patient  should  be  placed  in  the  upright  position. 

The  plate  should  be  placed  beneath  or  posterior  to  the  patient, 
and  the  tube  should  be  placed  at  a  distance  of  from  16  to  20  in.  (40 
to  50  cm.).  Ordinarily,  the  tube  should  be  placed  in  the  median  line, 
on  a  level  with  the  nipples.  A  14  X  H-in.  plate  will  usually  record 
the  whole  chest  cavitv  and  the  shoulders. 

The  time  of  exposure  will  vary  with  the  organ  under  examination. 
If  the  lungs  are  being  studied,  the  exposure  should  be  from  five  to 
twenty  seconds,  or  during  the  time  that  the  patient  can  hold  the 
breath.  ^Phere  are  few  patients  needing  an  X-ray  examination  who 
can  hold  their  breath  longer  than  twenty  seconds,  and  few  who  camiot 
hold  it  five  seconds.  A  few  lUintgenograms  have  been  made  in  a 
secfmd  or  less,  but  this  cannot  be  depended  upon  as  a  working 
basis. 

The  a])ility  of  the  patient  to  hold  the  breath  should  be  carefully 
tested  beforehand.  The  time  will  be  found  to  increase  after  a  few 
efforts.  This  test  will  enable  the  operator  to  estimate  the  time  of  the 
exposure,  and  will  give  the  patient  confidence. 

Kontgenograms  of  the  chest  made  in  the  fraction  of  a  second 
require  the  most  favorable  circumstances,  and  ev(;n  then  the  shadows 
are  weak  and  indistinct.  Therefore,  the  heart  cannot  l)e  photographed, 
as  a  rule,  in  the  resting  position.  Usually  all  of  the  organs  of  the 
chest  can  be  photographed  in  from  five  to  twenty  seconds.  If  the 
internal  structure  of  an  aneurism  or  of  the  vertebra?  is  to  be  studied, 
the  exposure  may  have  to  l)e  prolonged. 

The  vacuum  of  the  tube  should  be  medium.  That  is,  it  should 
e<iual  the  resistance  of  a  parallel  spark-gap  of  from  2 J  to  3  in.  ((>  to 
8  cm.)  in  the  open  air. 

The  amount  of  current  should  ]x>  as  great  as  can  be  forced  through 
the  tube. 

Smaller  sections  of  the  chest  may  be  examined  and  greater  detail 
obtained  by  making  use  of  the  diaphragm  teclmic. 

Rontgenoscopy  of  the  Chest. — If  a  Rontgenoscopic  examination 
be  made,  the  detail  can  also  be  improved  by  making  use  of  a  dia- 
phragm, which  will  exclude  all  of  the  unnecessary  rays.  A  protective 
fluoroscope,  and  protecting  gloves  and  apron,  should  be  used  by  the 
operator. 

Appearances  of  the  Normal  Thorax  (Plate  XII,  A). — ^Whether  the 
physician  uses  the  Rontgen  ray  as  a  part  of  his  daily  work,  or  whether 
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iisi-s  it  iM:casiiin«l!y,  or  wliolher  1ip  dejwmln  entirely  upODn 
some  Olio  elsf  for  his  work,  it  is  necessary  ttiul  he  should  become 
fHtnUiar  with  tlie  normal  appearanct-tt  of  the  variouB  parte  of  the 
kwJy.  "Until  he  has  done  this  he  cannot  appreciate  the  pathologic 
lesions,  even  when  they  are  pointed  out  to  him. 

If  a  screen  examination  is  being  made,  the  most  striking  shadow 
will  be  that  of  the  diaphragm  rising  and  falling  with  each  respiration. 
The  average  normal  excursion  of  the  diaphragm  has  been  found  by 
Williams  ("The  Rontgen  Rays  in  Medicine  and  Surgery.'"  1903)  to 
»  6.8  em.  on  the  right  side  and  7.1  cm.  on  the  left  side,  between 
forced  inspiration  and  forced  expiration.  The  average  normal  ex- 
1  during  (|uiet  breathing,  however,  was  found  to  be  almut  1.5 
cm.  In  the  Roulgcnoj^aph,  the  shadow  of  the  diaphragm  will  bo 
found  reeling  on  a  levet  with  the  tenth  rib,  or  between  the  ninth 
and  tenth,  in  Ihc  midscapular  line,  providing  the  patient  holds 
his  breath  during  tliw  rest  between  inspiration  and  expiration.  Th 
is  the  heat  position  in  which  lo  hold  the  breath  for  radiographiq 
purposes, 

The  next  striking  shadow  will  be  that  of  the  pulsating 
which  is  s  triangular  shadow  in  the  lower  uiiddlo  purtion  of  the 
and  extending  toward  the  left.  In  the  Rontgenngram,  Ihis  shacfoir^ 
is  found  to  exti'ud  about  4.;)  em.  to  the  rij;ht  of  the  mc<lian  line, 
and  about  11  <<n.  to  the  left  of  the  median  line.  This  will  vary 
somewhat  with  the  size  of  the  [latient,  and  tliorefore  with  the  normal 
size  of  the  heart. 

Having  oljsci'vcd  the  sihadow.-;  of  Ihc  .spiniil  column,  the  thoracic 
and  shoulder  Ikuics,  we  are  then  prepared  lo  study  the  more  delicate 
shadows  of  the  structure  of  the  lungs.  When  making  observations 
with  Ihe  Hnoroseope.  we  are  struck  by  the  marked  transparency,  and 
both  >ides  should  be  <'(|Uidly  clear.  In  llii'  liJintgenograph,  however. 
Wf  may  observe  some  of  Ihe  structure  of  the  lung.  We  usually  detect 
shiidows  which  are  more  dense  in  the  ri'gion  of  the  large  puliTionary 
ve.-sels.  In  exce)itii)tially  clear  negative*  we  mav  see  branches  and 
sul.biaiuhcs  (I'laie  XII.' P.).  The  transparency  about  the  apices  will 
be  somewlmt  modified  by  the  muscles  of  the  shoulder,  and  this  modi- 
fication will  vary  with  the  amount  of  muscle.  In  general,  the  clear- 
ness of  the  irmigc  will  be  dimiui-hed  iu  proportion  to  the  amount 
of  fat.  mu-c\.:   nv  edema  nf  |bc  eln'sl   wall-. 

In  tbr  ii|.|.T  porli.>ii  .,f  Ihe  inrdia^l  i.mui  lU.-  -bndow  of  the  arch 
of  the  ani-hi,   ;ii,d   le-s  ckMily   tbo-e  of    ilic    imioMiinate  and  carotid 


raphiQ   ^- 
heart^l 
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TECHNIC   OF    RONTGENOGRAPHY    IN    PATHOLOGIC 

CONDITIONS   OF   THE   CHEST 

THE  LUNGS 

Fnlmonary  Tnbercniosis. — One  of  the  most  important  applications 
of  the  Rontgon  rays  in  internal  medicine  is  that  of  aiding  in  the 
diagnosis  of  pidmonarv  tuberculosis.  \o  degree  of  skill  in  the  appli- 
cation of  |)liysical  diagnosis  can  coni])ete  with  the  rays  in  determining 
and  recording  with  accuracy  the  plane  location  of  various  patho- 
logic lesions.  Yel  each  has  a  distinct  value  of  its  own,  which  can- 
not he  replaced.  Kach  case,  if  possible,  should  he  carefully  studied 
by  both  physical  and  Rontgen  examination.  As  a  rule,  a  careful 
physical  examination  should  precede  the  Riintgen  examination,  not 
because  it  will  modify  the  shadows,  but  because  it  will  enable  the 
physician  to  interpret  those  present,  may  modify  the  method  of  exam- 
ination, and  thus  make  a  second  examination  unnecessary. 

Cases  ix  Wiiicii  This  Examination  Is  Indicated. — No  case 
is  thoroughly  studied  without  this  examination.  It  is  particularly 
indicated  in  early  or  doubtful  cases.  It  should  be  our  aim  to  make 
the  diagnosis  in  the  prebacillary  stage  (before  bacilli  appear  in  the 
sputum),  or  even  in  the  presputal  stage  (H.  S.  A.),  and  here  the  rays 
will  be  of  the  greatest  assistance.  In  favorable  cases  the  earliest 
possible  lesions  can  be  shown;  that  U,  during  the  stage  of  congestion 
(Plate  XII,  B).  It  is  also  important  to  use  the  rays  to  make  an 
accurate  record,  and  estimate  the  ])r()gress  or  cure  of  the  disease.  Old 
calcified  tiibercles,  old  scars,  consolidations,  abscesses,  cavities,  em- 
physema, gangrene,  thicken(»d  pleura,  pleural  effusion,  pneumothorax, 
and  enlarged  mediastinal  glands  may  be  observed. 

iNTEHrRETATiox. — The  propcr  interpretation  of  a  negative  is  as 
important  and  as  difficult  as  the  making  of  it.  The  negative  itself 
should  be  used,  when  possible,  for  study,  since  many  of  the  finer 
shadows  are  lost  in  the  printing. 

Old  calcifird  tubercles  give  the  most  decided  shadowy  and  lesions 
of  this  kind  can  be  recognized  as  small  as  3  mm.  in  diameter 
(Plate  XIII,  A  andB). 

Old  scars  or  fibrous  tissue  cast  a  less  dense  shadow,  and  require 
larger  lesions,  but  they  can  usually  be  recognized  by  their  bandlike 
appearances  (Plate  XIII,  B). 

Consolidations  var}'  in  the  density  of  their  shadows  with  the  size 
of  the  lesion,  but  an  area  1  cm.  in  diameter  can  be  recognized  in  an 
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emaciated  person  (Plate  XII,  B,  and  XIII,  A).  Consolidations  sel- 
dom occur  singly,  therefore  they  give  the  hmg  a  mottled  appearance 
(Plate  XIV,  A  and  B),  except  when  there  is  massive  consolidation 
(Plates  XIV,  B,  XV,  A  and  B,  XVI,  A).  Finally  the  consolidation 
can  be  recognized  by  comparison  of  the  suspected  area  witli  that  of 
the  opposite  lung,  or  with  the  other  parts  of  the  same  Uing.  The 
toIwrculouB  deposits,  or  the  affected  areas  lying  in  different  planes, 
are  tiirown  upon  the  plate  in  one  plane.  Therefore,  upon  superficial 
(iliwjrvation,  one  might  conclude  that  a  greater  proportion  of  the  hmg 
is  affected  than  is  correct.  That  is,  the  whole  lung  might  show  a 
mottled  appearance,  and  the  false  conclusion  bo  drawn  that  no  healthy 
lung  tissue  remained-  This  mistake  need  not  he  made  by  an  ex- 
perienced observer,  iiecanse,  if  the  whole  lung  or  lobe  is  affected,  the 
degree  of  general  density  will  be  much  greater  than  when  only  scat- 
tered areas  are  involved,  and  the  density  will  approach  that  of  the 
shadow  of  the  heart  (Plates  XIV,  B.  XV,  A  and  B,  XVI.  A).  Evvn 
when  a  whole  !ot)e  or  lung  is  involved,  the  shadow  is  rarely  unifonnly 
dense,   because    the  lung   is   rarely   uniformly   consolidated    (Plate 

XVI.  A).  There  are  likely  to  be  small  or  large  areas  of  cavity  or 
(lompeniiatory  emphyeema.  assockted. 

Cavities  are  neually  recognized  by  their  increased  transparency. 
snTroundcd    by    the   shiidow    nf   consolidiition    (Plates  XVI,   B.  and 

XVII.  A).  If  the  Piivity  is  larg(%  there  will  be  little  difficulty  in 
recognizing  it.  If.  however,  the  cavity  is  smiill,  or  is  resting  upon  a 
liirge  aren  nf  consolidation  or  thickened  pleura,  it  is  less  easily  recog- 
nized.     Under    favorable    circumstiinccs.    a    cavity    l.o    em.    can    l>c 

Emph'isi'miitiiiix  areas  arc  ai.so  nntiM'aldy  transparent.  A  dense 
sbaihiw  may  be  found  oti  one  side  of  this  area,  but  it  is  likely  to  have 
the  olher  side  rontinuou^^  wKli  uiore  or  loss  healthy  tissue,  and  there- 
fore cim  be  difrereniiated  from  n  ciivity   (Plates  *XV,  B,  XVII,  A, 

xviir.  A). 

Pulmonary  Abscess, — This  diagno.sis  cannot  be  entirely  made  by 
jiieaiK  nf  ihc  Itijiit":fri  i-ny,  \i\\\  when  it  is  susiKicted  it  can  he  more 
aieiinirely  lociilizi'd  by  llie  as.;islanee  t>{  Ibc  niy.s.  The  radiographic 
ajijiearani-es  will  iml  differ  miiterially  from  those  of  a  cavity,  except 
Ihiil  llie  >iirmuiiding  area  of  consolidation  is  likely  to  be  larger  in 
propnrlliiM  In  ihe  si/.-  nf  thonivily  (  I'lali's  XVII.  II.  and  XVIIT.  A). 
Siurr  ihr  I  wn  may  !»■  a>-^nrial.>d.  linwcvor.  ilm  dillieidties  are  inerea.^ed. 
an.l  llm  liinliiiL.-  mu-l  be  carefully  cn,i),iarcd  uilh  the  physical  signs 


^ 
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Pulmonary  Gangrene. — The  remarks  made  above  in  connection 
with  pulmonary  abscess  will  apply  to  pulmonary  gangrene,  except 
that,  instead  of  the  area  of  consolidation  being  large  and  the  cavity 
small,  the  cavity  is  more  likely  to  be  large  and  the  surrounding  wall 
small.  The  conditions  and  the  shadows  will  vary  with  the  stage  at 
which  tlie  examination  is  made.  The  odor  will  usually  suggest  the 
diagnosis,  and  the  rays  will  be  useful  in  locating  the  area  for  opera- 
tion (Plates  XVIII,  B,  and  XIX,  A). 

Pneumonia. — The  fluoroscope  shows  a  dense  shadow  in  the  affected 
area,  and  the  movements  of  the  diaphragm  are  diminished  on  the 
affected  side,  partly  because  of  the  increased  density  of  the  lung  and 
partly  at  times  because  of  an  adhesive  pleurisy.  Williams  was  one 
of  the  first  to  apply  the  rays  in  the  study  of  pneumonia.  He  de- 
pended almost  entirely  upon  the  fluorescent  screen.  It  is  also  a  most 
useful  adjunct  in  the  diagnosis  of  lesions  not  centrally  located,  espe- 
cially when  such  lesions  are  situated  beneath  the  scapula,  or  when 
small  consolidations  are  surrounded  by  areas  of  compensatory  emphy- 
sema. Compensatory  emphysema  assists  in  outlining  the  lesions  by 
means  of  the  Rontgen  ray  because  of  its  greater  transparency,  but 
offers  considerable  hindrance  when  physical  signs  are  depended  upon. 
De  la  Camp  found  even  in  lobar  pneumonia  that  the  whole  lobe  is 
seldom  imiformlv  consolidated,  and  he  often  found  bv  means  of  the 
rays  extension  of  the  process  in  another  lobe  or  in  the  opposite  lung, 
when  ordinary  physical  examination  failed  to  reveal  such  lesions. 

He  also  found  the  rays  of  great  assistance  in  the  study  of  the 
cases  during  resolution.  In  some  cases,  months  were  required  for  the 
lung  to  completely  recover.  The  rays  show  lesions  long  after  the 
physical  signs  are  negative.  In  one  case,  in  which  the  patient  com- 
plained of  pain  in  the  region  of  the  heart,  which  persisted  four 
months  after  the  crisis  and  after  all  physical  signs  were  negative, 
the  Uontgen  examination  showed  a  fibrous  band,  about  0.5  cm.  broad, 
binding  the  left  side  of  the  diaphragmatic  pleura  to  the  pericardial 
sac.  Other  symptoms  of  obscure  origin  following  pneumonia  may 
often  be  cleared  up  by  the  aid  of  a  Rontgen  examination.  The  same 
principles  that  have  been  described  in  the  interpretation  of  tuberculous 
negatives  will  apply  to  those  of  pneumonia.  The  areas  involved, 
however,  are  usually  larger,  and  therefore  more  easily  recognized 
(Plate  XV,  A).        *  * 

Emphysema. — In  a  typical  case  of  emphysema,  one  is  struck  by 

the  great  transparency,  which  is  greater  than  in  any  other  condition 

of  the  lungs.    This  transparency  affects  both  lungs.     The  ribs  will 
80 
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be  fininil  1"  extend  outward  from  tlie  ppinal  column  at  more  nearly 
H  I'iglil  iiut-lc  than  uoniial.  To  distinguish  the  leaser  grades  of  «ni- 
physeiiia,  or  to  recognize  local  areas,  mtich  more  experienct'  is  iiwxw- 
aary.  l*'or  tlicn  one  niusl  keep  in  mind  Iho  normal  Itouigi-Dapmin 
of  a  patient  of  the  wime  itge  mul  gcncra\  development,  thickneai  of 
the  chi*t  wallw.  etc.,  and  made  under  similar  conditions  (see  Com- 
palpatory  Kmphyfwroa). 

Collapse  of  the  Lung. — Coilapso  of  the  Umg  will  probably  not  he 
recognized  liy  means  of  the  Rontgen  rays  when  the  area  involved  is 
small,  but  when  the  area  is  large  it  gives  tin  apjioaranee  vt-ry  similiiT 
to  c'onttol idalion.  It  in  more  uniform  find  more  sharply  oittltned  than 
tnlwreulosia,  and  it  involves  a  lesuer  area  thiiu  wlien  pueuiminic  eon- 
anlidatinn  is  present. 


THE  PLKURA 


1  nffo^l 


Thickened  Plenra. — Thickening  nf  the  pleura  is  a  common  i 
lion,  occurring  both  independently  and  in  a^socinlion  with  UilimOT-'^ 
!o*is  of  the  lung.  This  eondition  i«  reeognized  in  the  Ronlgenogmm 
as  a  nniform  shadow  of  only  slight  density.  Tile  density  will  vary 
with  the  degrw  of  tliidceniBg.  Tbla  shftdow  ja  then  Been  to  ahede 
gnidiiiilly  111  its  edge  into  the  Burronnding  clear  space.  If  the  eur- 
loimdlii-  hill-  is  IkmNIiv,  tlicTc  will  lie  lilllc  dilficiilly  in  recognizing 
;i  iKod.Tiilr  iliickviiiii;;.'  If,  liowevcr.  the  lliirkened  pleura  is  ovcr- 
siiii.liiuvil  \.\  loiisnli.hilion  of  ilic  huig.  it  heeomCi>  more  difficult,  and 
at  liiiii-  iiii]"i,->iiili>,  MiTi-  i'N|H'ricnci'  alone  will  serve  as  a  guide. 
Ill  nnlir  In  -I  inly  ilic  pli'iira  iii-i-iiralely,  liiuli  an  anterior  and  posterior 
,.lnir  .-lini.l.l  l„.Hi:i.!..  (  I'lin.v-  \I\.  n.  Mil.  A,  XVII,  A). 

Pleural  Effusion, —  I'liiini!  cIVii-ion  is  hesl  recognized  by  placing 
iln'  p:iii((ii  in  III!'  civi'l  |i"-iiii-i',  witli  lln'  phitc  or  sci-cen  po^^tcriorly 
(liiil  ilic  tiilii'  ;iiiicrinil\.  Ti)  make  ;i  I'oiil^'cnograni :  Place  the  pjilient 
ill  a  rliair,  "iili  a  laf;;!'  Imanl  rc-tiug  against  the  hack,  and  upon 
M-liirli  ilic  plate  i<  -i]|i|>.iiii>il.  The  |ili>iiral  cITiisinn  gives  a  uniform 
l>i!i  wi  \rr\  •h-u-r  -li,i.!n,v.  n,rii|niiiL'  ihe  li'WiT  part  of  the  pleural 
^a^ily.  'ilie  ir|i|"T  level  i,r  ihe  -1m, leu-  |ia-^  a  curved,  hut  not  an 
irre::iihii-,  IJn-.  In  iiiiee(ii|iliiatri|  eirii-inii.  the  shadow  is  oven  more 
irniferii,  lli;ni  that  ..f  a  ihiikened  |,leiiia.  I'lcTiral  thickening  will 
al-e  In-  ne-,L;iii/e.l  l.v  ii-  invu'irhir  l«.n|e,-.  vvlneli  is  never  a  lino.  The 
-luiil'.u    J-    I,-,  lieii-,.   iliaii    UMiill    l,e  pniduei'd  hy   the  consolidation 


real   tran.sjiarency 
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direction,  as  a  rule,  and  occupies  the  lower  lateral  portion  of  the 
chest.  Toward  the  median  line  may  usually  be  seen  the  thickened 
pleura  and  the  diseased  lung.  The  heart  is  commonly  displaced  to 
the  opposite  side  (Plate  XX,  B). 

JI ydropncuniotJtonw  is  more  common,  and  forms  one  of  the  most 
interesting  lluorosropie  pictures  that  can  he  found.  In  addition  to 
the  findings  of  pneumothorax,  the  fluid  at  the  base  of  the  pleural 
cavity  may  he  seen  to  move  with  each  res])iration  or  each  movement 
of  the  hody.  If  the  patient  is  shaken,  the  fluid  is  seen  to  splash 
(Plate  XX,  H). 

Hernothonu'. — I  have  examined  two  cases  of  this  cluiracter.  Both 
showed  a  more  dense  shadow  than  would  i)e  j)roduced  by  any  other 
form  of  pleural  effusion  (Plate  XXI,  A). 

Consolidation  and  Pleural  Effusion  Combined. — Plate  XX,  A, 
shows  a  case  of  this  character.  The  shadow  of  the  pleural  effusion  may 
be  seen  to  extend  to  the  fifth  rib  on  the  right  side,  and  to  the  seventh 
rib  on  the  left  side.  The  consolidation  of  the  right  middle  lobe 
shows  throucrh  the  effusion,  and  is  distinctlv  more  dense.  Probablv 
no  condition  will  give  more  difficulty  in  recognition  than  consolidation 
surrounded  by  an  extensive  pleural  effusion.  In  this  particular  case 
we  had  that  peculiar  physical  sign,  viz.,  tubular  breathing  and  bron- 
chophony extending  throughout  the  area  of  i)leural  effusion.  By 
making  Kontgen  examinations  in  all  such  cases,  we  may  find  that 
consolidation  is  present,  and  that  it  is  the  cause  of  the  peculiar  sign. 
This  sign  is  j^robably  due  to  the  transmission  of  the  larger  sound- 
waves from  the  bronchi,  through  the  consolidated  lung  to  the  fluid 
in  the  pleural  cavity,  and  thence  through  the  chest  wall  to  the  ear. 
The  striking  of  two  stones  together  under  water  will  convince  most 
people  that  fluids  will  transmit  sound,  but  these  sounds  must  be  of 
the  louder  and  coarser  variety;  therefore,  vesicular  breathing  is  not 
transmitted  through  an  effusion. 

Subphrenic  Abscess. — The  difficulty  in  recognizing  many  of  these 
cases  is  appreciated  by  all  who  have  had  much  experience,  and  there- 
fore any  aid  will  also  be  appreciated.  In  a  case  examined  about 
two  years  ago,  by  means  of  the  screen  I  was  able  to  see  a  decided 
displacement  of  the  diaphragm  upward  as  far  as  the  ninth  rib,  and 
absolute  immobility  on  the  right  side.  The  left  side  of  the  diaphragm 
was  seen  to  move  2|  in.  (12.5  cm.).  The  Kontgen  examination  will 
also  eliminate  some  of  the  diagnoses  with  which  it  may  be  con- 
fused, such  as  pneumothorax,  encysted  pleural  effusion,  or  empyema 
(Plate  XXI,  B). 
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THE  HEART 


Normal  Size  and  Poaition.— This  is  givon  nmlcr  the  descriptioTi 

n!  llu'  Itoutgfoojiraiu  of  the  uormal  thorax,  to  wlilcli  tlie  n.«der  is 
again  referred  (Plate  XII,  A).  Unfortunately,  our  loclinic  has  not 
buen  80  far  perfected  as  to  enable  us  to  photograph  the  heart  in  a  part 
of  its  cyde,  which  would  necessitate  an  exposure  of  less  than  a  «cond. 
A  few  Rontgenograma  of  the  heart  have  been  made  in  a  fraction 
of  a  second  (Plate  XXII,  A),  but  this  baa  not  yet  become  a  working 
method,  for  only  by  the  most  perfect  tochnic  and  powerful  apparatnx 
can  this  be  accompiished. 

Cardiac  Hypertrophy. — An  pnlargemcnt  of  the  heart  can  Ijc  more 
certainly  and  accurately  recogniKwi  anil  recorded  by  moans  of  the 
Rbntgen  raj's  than  by  any  other  method.  Not  only  Hit-  general  en- 
largement, but  an  enlargement  of  any  of  the  four  caritied  can  bt 
sliown  in  the  Rontgenogram,  In  cardiac  hypertrophy  the  enlarge- 
ment is  most  likely  to  involve  either  the.  right  or  the  left  ventricle, 
or  both  (Plates  XXII.  B,  and  XXIII,  A). 

Cardiac  Dilation. — The  llontgenograui  of  cardiac  dilation  diHers 
from  the  appearances  of  cardiac  hypertrophy  in  that  the  enlargement 
ojctends  not  only  laterally,  but  also  in  the  vertical  direction,  showing 
.uliiT-jciucnl  of  Uk^  ainicios,  and  Ibc  whole  canliac  shadow  being  more 
j;|r.l,ular  ( L'lalc  XXIll.  li).  The  Ihioroscopc.  in  this  condilion,  shows 
beautifully  the  wnves  of  contraction. 

Cardiac  Displacement. — The  heart  may  be  displaced  by  a  iiumlicr 
of  c.iu<litious,  each  of  which  can  bo  detcrminwl  by  means  of  the  lijint- 
(ren  ray.  iK'.xtrocardia  nuiy  he  due  to  pneumothorax,  as  is  shown  in 
Phile  XX,  B,  or  by  tibrous  bands  occurring  in  Ihe  course  of  tubercu- 
losis, as  is  shown  in  Plates  XXIV  aud  XXV,  A.  (See  also  Plate 
XXV,  n.) 

Pericardial  Effasion. — The  shadow  of  pericardial  effusion  differs 
only  -lightly  fioru  that  observed  in  cardiac  dilation,  but  it  is  more 
tiiauirular;  llie  ii|)c\  of  the  triangle  is  more  acute,  and  by  Rontgcn- 
I'scopic  cNaiiiinali'in  the  waves  of  pulsation  arc  much  less  distinct. 

Aneurism. — While  the  liiinlgeii  examination  should  not  be  the 
nidy  iiH'tbrMl.  surely  no  lUber  is  more  reliable  in  making  a  diagnosis. 
The  sha.b.w  will  vary  wilb  the  si;^e.  form,  and  localion  of  the  aneu- 
vi>iii.  lull  rnlaiii  elianiefcri-tics  will  rrniaiii.  The  tumor  mass  will 
iuvoKc  ilii-  line  of  ilic  iinria,  ni-  tlie  gri  al  vr-.els.  It  will  give  a  more 
iiiiifdMii  -liiulow,  in-lrail  of  the  loe;i]i;^eil  iire;is  nliicb  characlerize 
^■roiips  n|-  ,.rilarged  riKMliaMinal  j;laiid-.     ISy  uuuns  of  the  fluoroseope. 
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the  shadow  will  usually  show  expansile  pulsation.  If,  however,  the 
aneurism  has  thick  or  inelastic  walls,  such  as  occurs  in  a  healed 
aneurism,  this  s}Tnptom  will  be  absent.  By  means  of  the  fluoroscope, 
the  aneurism  should  be  examined  from  various  directions,  so  that 
if  any  pulsation  be  present  it  will  not  be  overlooked  (Plate  XXVI, 
A  and  B). 

Mediastinal  Tumors. — The  symptoms  will  almost  always  lead  us 
to  suspect  some  j)ressure  in  the  mediastinum  ;  l)ut  since  these  symp- 
toms may  be  due  to  a  number  of  conditions,  the  diagnosis  is  often 
diflicult,  and  the  Rontgon  examination  will  be  found  most  valuable. 


RONTGEN    EXAMINATION    OF  THE    GASTRO- 
INTESTINAL  TRACT 

THE   STOMACH 

Occasionally,  in  thin  people,  the  stomach  may  be  seen  naturally, 
because  it  is  distended  with  gas.  As  a  rule,  however,  artificijil  assist- 
ance must  be  supplied.  One  method  is  to  distend  the  stomach  with 
gas,  which  is  best  done  by  means  of  an  atomizer  bulb  or  household 
syringe  attached  to  a  stomach  tube.  This  is  sometimes  advisable 
when  a  tumor  of  the  adjacent  viscera  is  under  consideration,  because 
the  lighter  area  due  to  the  gas  may  be  distinguished  from  the  shadow 
of  the  tumor.  Such  examinations,  however,  are  only  possible  under 
favorable  circumstances — e.  g.,  when  the  tumor  is  of  considerable  size 
and  the  patient  thin.  Generally,  inflation  of  the  stomach  with  gas 
is  bad  practise,  and  unsatisfactory. 

A  far  better  method  is  to  render  the  stomach  opaque  by  means 
of  an  emulsion  of  bismuth  subnitrate — about  one  ounce  to  the  pint 
of  milk.  This  method  has  been  used  successfully  bv  Williams,  Can- 
non,  Rieder,  and  by  myself.  By  this  means  the  size,  form,  position, 
and  the  motility  of  the  stomach  may  be  determined.  In  these  exam- 
inations, the  plate  will  be  found  much  more  useful  than  the  screen 
because  of  the  more  delicate  shadows  obtained,  and  because  it  will 
form  a  permanent  record. 

THE  INTESTINES 

The  examination  of  the  intestines  is  really  only  a  continuation 
of  the  examination  of  the  stomach,  providing  plates  14  X  H  in.  are 
used.    Where  no  interest  is  attached  to  the  study  of  the  stomach  the 
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plates  need  not  he  made  until  twelve  hours  after  the  ingestion  of 
llic  food,  tiult-sa  an  obstruction  in  the  Htaoll  inteatines  ia  suspected. 
Then  the  examination  should  1*  niado  in  at  l«ast  sis  hours.  By  Ihi^ 
mmns  the  rate  of  movement  and  tint  jioslUon  of  the  large  bowel  can 
be  determined.  Tlie  position  of  the  large  bowel,  and  partit-iilarly 
tlio  transverse  colon,  can  he  ilclcmiincd  by  giving  the  emulsion  of 
bismuth  by  enema. 

THE  LlVtlll 

In  children,  the  outline  of  the  liver,  both  its  upper  and   lovrer 

border,  can  be  determined,  but  in  adults  the  lower  bonier  is  msuHltr 
indistinct.  The  upper  iiorder  in  adults  can  usually  be  studied,  except 
where  the  shadow  of  the  heart  interferes.  The  affection:!  involving 
the  upper  border  of  the  liver  will  be  shown  in  the  changes  in  the 
curve  and  position  of  the  diaphragm.  These  affections  may  l>e  ah- 
Bc»B3,  subphrenic  absoess,  gnmnuta,  neoplaBms,  echinoeoccus  cysts,  etc. 
Gtall-itones  have  bocn  recognized  in  a  few  instance:-,  but  the  Ront- 
gen  examination  is  not  yet  reliable  as  a  diagnostic  factor,  except 
jKiasibly  confirmatory  evidence. 
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THE  SPLEEN 


Tlio  Itonlgrii  r 
111  .-hiidiTii  il  rn;i 
l„.smijni,.spkx 


stance  in  the  study  of  this  or^'nn. 
1  in  adults  the  lower  Ixtriler  can 
:  intestine:-  are  distended  with  ga.*. 


Floating  kidney  i 
iiii'lhfHls  of  I 


I'll 


m]  I 


THE   KID.VKVS 

■  kidiu'vs  diivctly  will  give  little  additional  iu- 
II'  :>f  ihv.  kidney  can  only  l>e  seen  in  children. 
1  till-  kidiii'v  is  much  enlarged. 
Ill  very  rarely  ho  observed,  and  then  ordinary 
^iiiiiiniuinn  will  dctenninc  the  condition  more 


In  gi'iifral.  the  diii-iioslii-  v:iliii'  "!'  (lir  <'vid>'nco  obtained  Ibroiijili 
llie  ililiilgi-ii  ray  will  ilcpi-ml  voiy  imicli  upon  llie  ,«kill  and  e.xpcrienw 
id  till'  'ijKTatfjr  l")(]i  ill  l{iiiit;;i>n  work  and  in  general  medicine.  Tlu' 
ability   to  read  a   ni'L'^iilivi'  will   alsn  i|i'|"'tid   in  great  part  upon  the 
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B.— SaOWB  BhalL,  llATlltH    UeNmC    l"lBKOU-=    Hasds   AT    1  r 

— Old  Fibrous  or  Heaukd  Lemons.     (AA  )  Olo  C. 
Old  FnAtrrvRB  or  Ninth  Rib.     (i>)  A  Lajioe  De 


PICKS  or  HOTH    LUNHS 
ritBERCl-EB.       (_B) 

THE  Lcrr  Apes. 
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PLATE    XVI 


-HAHT  Two  Cavh 


Rn.iir  Li-NU  *M.  One  in  the  Left  (C,  C.  O- 


(A)    CllM-lJl.lllAllDS    AT   THE    Hn^H  T    Al'I.S.        (/;>    SCATTEItE.D   TUlIEHC-lttOta    Ul.- 
rOSLTS    IK    THE    BaSE    OF   THE    LeIT    LuNQ.        (C)     LXBOE    CaVITY    IK    THE    LEFT 

Apex,  Suudiviued  et  Fibrous  llAKns.     (D,  D)  PnoBAULE  Old  FHAtrruRES  of 
THE  liiDa  niTH  Thickened  Pleuiia  Ltino  BtiNEATit.     (£*)  Dilation  or  the 

AsCENDLN-O  AOHTA,        (f)    CciUfEKBATORV    EhI-IIYSEUA    OF  THE   nidltT  Ll:INa. 


I  INFILTRATIO.V  O 
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PLATH    XIX 


— Plguhal  Effusion  Exteki 

n  THE  Sktcnth  Rid 
rat,  RioHT  Side  in  tke  Reqio? 


^ 


B, — Markkd  HvrEiiTHin'HY   A.VD  Dilation  of  the  Left  Vestricu:.     ConoeBTION 
Of  THE  Babe  of  the  Right  Lu.no.     Some  Enlaroeuekt  or  thb  Whole 
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1. 

.— Dextbocabhia.     T^^cIn■I:Lclt^s  Deposits  is  the  I.eit  Ams,  wnii  Covi'ek-            ^^H 

»ATOItr     EKPKTSEMA     DeI^W.        CnuPLETC     roNfOLl  CATION     OF     RlQHT     Ll-»<I,                      ^H 

«'1TH  A  Cavity  at  the  Arts,  anh  Another  at  the  Ba«e  {e,  r).                                   ^^M 

.—Shows;  (11  the  Leit  S.i.e  ok  tkl  DiAjiii.A..M  Ikih  Inches  HiuHEn  than  the 
RioHT.     (2)  The  Heart  Uibim-aceu  to  hie    Rioht.     (3)  The  Ovtuse  of 
TRE  Stomach.  Below  the  Diaphbaqm,  Containino  a  Bolus  or  Food.     (4) 
The  Descendinq  Tolos,  Rhowino  the  TnASSVEHaE  Folim.      (5)  Shacowb                           , 

PLATE    XXVI 
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Some   Krciston   "f  the  Third, 
«   Shown.      (S)   EfionMous-  En- 
(f)  A  Second  ANEOftiBM,  or  an  Ek- 
RioHT  Vesthicle.      (D)  Compensatory  EMPirreEUA  o»  tmb  Rioht 


PLATE    XSVII 


(I)  A  Cent  on  the  UuBtLicuB.     (2)  Tin 
PEI.VI9.     (3)  RioHT  Sacro-iuac  Sy> 

DeBCENDISG  ColoM,    REBPECrrVELY, 


a  Colon.  Reupec 


1  OKE-rEJJT  Piece  on  the  Navel.  (2)  Stun 
rscHONDBosis.  (4  ond  51  Kmpty  Cecum  and 
IVELT,      (8)  Thanbvkbhc  C0I.O.V,  Empiy.      (9)  ShaK 


(1)     UNE-ttS-T    PltC 


Navel.      (2)  TnA.vsvKHsE  (.'..uiN.      (31    Ri 
(4)   CECttM  AVD  AscENDtVO  COI^N,  SHOWING 
AlTEB  TWEMTT-FOVB   H0VB8.        (5)     ISOLATED   MASSES  OF   FoO 

Intestikes.      (H)  DeacEKDiND  Colon,  Euptt, 
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INDEX 


Abdomen,  abscess  of.  372,  375. 
anatomic  landmarks  of,  363,  3(50. 
aiuculiation  of,  379. 
eontour  of  normal,  367. 
depressions  of,  local,  370. 
distention  of,  fluid,  373. 

solid  general,  374. 
divisicHi  of,  into  quadrants,  364. 

into  sextants,  365. 
enlaigement  of,  from  accumulation 
of  gas,  373. 
from  dietetic  causes,  373. 
from  excess  of  fat,  372. 
from  oiganic  and  neoplastic  causes, 

374. 
local,  370. 

uniform  and  symmetrical,  367. 
examination  of,  363,  366. 
fatty  growths  in,  375. 
free  fluid  in,  379. 
nine  r^ons  of,  363. 
palpation  of,  position  of  patient  for, 
370. 
preparation  of  hands  for,  37 1 . 
pathologic   signs   on   inapi^otioii   of, 

367. 
pendulous,  in  women,  367. 
relaxation  of,  371,  372. 
retraction  of,  369,  374. 
flixe  and  shape  of,  367. 
sones  and  regions  of,  303. 
Abdominal     movements,    circulatory, 
369. 
peristaltic,  369. 
respiratory,  369. 
vascular.  369. 

vennicular,  after  excitation,  369. 
Abdominal  muscle,  local  contraction 

of,  372. 
Abdominal  walls,  color  of  the  skin  of, 
9dS. 
rigidity  of,  371,  372.  / 

AbmflB,  aprcndiceal,  389,  390. 
of  liver,  &3. 
of  hing,  164. 
pelvic,  376. 

poicecal  or  peria^endiceal,  376. 
permephric,  376,  377,  409. 
perisigmoidal,  377. 


Ab8ces.s,  psoa.s,  370.  377. 
subdiaphragmatic,     or     subphrenic, 
370,  425. 
Acoustic  law,  140. 
"Acromial  angle,"  20. 
Actinomycosis  of  lung,  120. 
Adhesions.  pt?ricardiju,  240. 

pleuritic,  230,  3;^9. 
Adipose  tissue,   influence  of,  on  per- 
cussion, 100. 
Age,  effect  of,  upon  percussion,  102. 

upon  position  of  heart,  220. 
Aged,  Imruers  of  lungs  in,  107. 
*' AgiK»-cake."  407. 
Air,  complementary,  40. 
reserve  or  supplemental,  40. 
tidal  movement  of,  41,  162. 
tidal  or  breathing,  41. 
Air-containing  stnictures,  sensation  of 
resistance  in,  97. 
sounds  of,  97. 
Air  currents,   ohstniction  to  the  exit 

of,  158. 
Airless  stnictures,  s(*iis:ition  of   resist- 
ance in.  97. 
sounds  of,  97. 
Air-passag(\s,  larg(\  sti^nosis  of.  3.'^(). 
Air-vesicles,  eonij^reK'sion  of,  Ki'i. 
consolidjitioii  of.  109. 
exudation  Nsithin,  1()2. 
Alcoholism.  284. 
Alveolar  walls,  di.^tention  of,  212. 

weakened  elasticity  of,  212. 
Anatomic  inference.  210. 
Anatomy,  topographical  and  relational, 

0,  7. 
Anemia,  272,  274,  319. 
accompanied  by  murmurs,  338. 
heart  sounds  in,  269. 
venous  hum  of,  347. 
Aneurism,  aortic,  19,  273,  377. 
difTerentiation  of,  375. 
rupture  of,  56. 
sjrmptom  of,  313. 
as  cause  of  bronchial  breathing.  163. 
denoted  by  increased  precordial  dul- 

ness,  257. 
diagnosis  of,  426. 
by  palpation,  316. 

488 
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AncuriHm,    ppifiaslric    and    umbilkal, 

Apex-beat,  forte  of,  238,  239. 

377. 

impeiwplibility  of.  to  lourli.  240- 
in  L-hildbood  and  old  ngL-,  239. 

hcolcd.  127. 

iiiapeclion  of,  228. 

position  of,  238. 

Atigintt_  peotoriB,   iiien-iUii'd   pula'-rulf 
AuEle.  Bpignatric,  10,  30,  210- 

afFerted  ljy  distention  of  etouweh. 
229. 
Ijy  posture,  229. 

of  Louis.  14,  16,  21,  2i.  27,  30.  210. 

by  prepuiney,  229. 

fHitx^ostul.  30. 

niPlhod  ot  ascertaining,  2.'W, 

AuKuKis  Ludovici,  14. 

Aiitiix-rialalHis,  383. 

uonnul  variations  in,  228. 

Aorta,  abdominal,    uneiiriMin  o(.   227, 

rhjthm  of,  241. 

315. 

weakening  or  lessening  of,  240. 

pulaation  of.  315.  377. 

Apex  of  luna,  as  Mat  of  incipii-ul  ru- 
bereurosis,  98. 

topographic  aimtoniy  nt,  3(ifl. 
arah   of,   aneurism  of,   19,  Mi.  223, 

rt«onanco  uf ,  104. 

230,  .^3fi. 

tubertulovia  consolidation  of,  154. 

position  ot,  21«. 

tuberculous  infiltration  of,  15S. 

Aphonia,  tussive  fremitus  in,  71. 

tttlitroma  of,  273,  807. 

Apical  firat  sound,  weakening  of,  27i 

dilation  of,  19,  2S9.  3au, 

Apical   impulse,   abnormal   extenl  of. 

fittt.y  nnd  rplaxed,  -i^. 

231 

Uiovablo  from  aidu  to  side,  W?, 

displacement  of,  351. 

pnlpBtioD  Df,  316. 

heaviTig  character  of,  232. 

position  of,  217. 

Apical  veaicics,  collapse  of,  la^. 

reooll  pressure  wilhin,  273. 

Appendicitis,  chronic  1  376. 

Btcnosisof,  241. 

Appendix,  irrflammation  of,  377. 

tortuosity  ot,  337. 

region  of,  enkn^emeiit  in.  37(1. 

Acirlii:  riiswq,  IcaicDfc  at,  .I.^H, 

thSikwuug  and  sweUiug  of,  389,  390.       , 

Aorrir  ii.siilfi.Wy.  2.'i4.  'iT'.  274,  292, 

Appen£x  vennifanDis,  location  of,  3W.      ' 

.\rrV"'miii.  -122. 

A.irtii>   thrilU.   .|Lii.-*M:i<' 


:i-2-\.  .'Bs,  I  :- 

Arlirir.-^.  roii^iiirlioii  siuiuds  in.  XiS. 
and   .'-v.slcilir,  inspiriion  or,  313, 

;       pisition  of,  217,  218. 
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AatfaniB.  biMtlMOiiiidB  in,  168. 

broMhuJ,849. 
dMfaimtwt€>d  fRsm  oufiftOy  860. 

Jugokr  undulatioDS  in,  341. 
AiAlunfltio  bmtlung,  60. 
A^fnunetiicB  of  movement  peiceptible 

on  palpation,  64. 
Atolectaaifl,  as  cause  of  impaired  rt^so- 
nance,  110. 

bronchovesicular  breathing  in,  IGO. 

enintant  r&les  in,  178. 

bl^cal  signs  in,  197. 
Atheromatous  degeneration,  337. 
AtUetes,  change  of  heart  sound^i  in, 
271. 

le^iratoiy  expansion  in,  36. 

vesicular  resonance  in,  88. 
AtUeticism,  284. 
Atrophy  of  heart,  272. 
Auricles,  enlargement  of,  255,  42(>. 
Auricular  systole,  309,  343. 
Auscultation,  132. 

as  a  method  of  physical  examination, 
133. 

direct,  141. 

histoiy  of,  132. 

immediate,  259. 
advantages  of,  133. 

in  hypostasis,  207. 

Laennec's  classic  work  on,  132. 

mediate,  133. 

objects  of,  144. 

of  the  heart,  259. 

phenomena  of,  144. 

position  of  patient  for,  141. 

stethoscopic,  134. 

i^ystematic  and  comparative,  142. 

technic  of,  133,  141. 
Auscultatory  pcrcujwion,  240,  399. 
Auscultatory  phenomena,  108. 
Axillaiy  artery,  murmurs  in,  339. 
Axillary  lines,  anterior  and  posttTio*, 

18. 
Axillary  regions,  percussion  of,  101. 

Baccelli's  sign,  193. 
Bacillus,  gas-forming,  373. 
"Bag  of  nuts,"  sensation  of,  390. 
&llotement  phenomenon,  410. 
"Bandbox"  percussion  note,  93,  110. 
Basedow's  disease,  232. 
BelUympany,  126. 
BdlowB  sound,  296. 
Bienner*s  change  of  sound,  126,  127. 
Bile-ducts,  infl^mation  of,  396. 
BiGftiy  cirrhosis,  hypertrophic,  395. 
Bladder,  distendecl,  377. 
Blood,  circulation  of,  262. 

diseases  of,  causing  splenic  enlarge- 
ment, 404. 

jugular,  velocity  of,  347. 

spioific  gravity  and  plasticity  of,  298. 


Blood  pressure,  decrease  of,  339. 
instruments  for  stud;^  of,  325. 
normal  and  pathologic,  327. 
Blood  pressure  quotient,  327. 
Blood  stream,  force  of,  297. 

peripheral  resistance  to,  273. 
Blood-supply,  of  pulse,  317. 

volume  of,  319. 
Blood-vessels,  congenital  hypoplasia  of, 
338. 
examination  of,  313. 
fatty  degeneration  of,  338. 
gri»at,  positions  of,  217. 
shaclow  of,  420. 
Body,  objective  investigation  of,  3. 
Bone,  i)eculiar  rt»sonance  of,  88,  250. 

"wooden"  sound  of,  88. 
Borborygmi,  390. 
Bowel,  distention  of,  by  gas,  373,  389. 

intussusception  of,  376,  377. 
Bowles*  stethoscope,  135,  138,  139. 
Brachycardia,  320. 
Bradycardia,  234. 

essential,  320. 
Breath,  holding  of,  419. 
Breath-sounds,  alterations  in  pitch  of, 
83. 
in  equality  of,  83,  159. 
intensity,  rhytlun,and(iuality  of,  152. 
normal  bronchovesicular,  147. 
study  of,  144. 

unilateral  exaggemtion  of,  153. 
whiffing,  150,  101. 
Breathers,  poor.  110,  179. 
Bn»athing,  absent  or  suppressed,  155. 
|jn)nchial,  1-15,  157,  101. 
causes  of,  102. 
high  pitch  of.  101,  103. 
normal  variations  in.  140. 
quality  ami  rhytlnn  of,  1()3. 
Sk(xla's  description  of,  145. 
hroncliocavernous,  1()4. 
bronchovesicular,  145. 

pathologic  source  of,  I. 59. 
cavernous,  causes  of,  104. 

weakening  of.  1()4. 
('heyne-Stok(vs,  00,  333. 
deficiency  of,  luiilateral,  bilateral,  or 

intermittent,  155. 
exaggerated,  cause  of,  153. 

from  tight  lacing,  154. 
forced,  31,  36,  51. 
metamorphosing,  167. 
systolic  vesicular,  152. 
transitional,  159. 
tubular,  425. 

types  of,  differentiation  of,  160. 
vesicular,  local  intensification  of,  153. 

pathologic  modifications  of,  153. 
vesiculocavernous,  164. 
wavy  or  jerky,  pathologic,  156. 
weak,  shallow,  or  senile,  154. 


Breathing  volume,  estimation  of,  40. 
BreftthlessiieBs,  sigiiifieanre  of,  349. 
Broadbeul'a  mgu,  226,  241. 
Bronchi,  dilation  of,  circumscribed,  130, 
with  thickening  of  walls,  110,  191. 
main,  bifurcation  of,  23. 
primary.  27. 
Burrounded  by  deoae  consohdatioiix, 

192. 
total  occlusion  of,  193, 
£n>nchial  asthma,  Bpasiiioiiic,  349. 
Bronchial  caturrli,  158,  IS4,  187. 
Bronchial  fremitus,  70. 
differentiated  from  pleural  ftVRiitus, 
71. 
Bronchial  glands,  enlarged  ami  tubrr- 

ctilous,  110. 
Bronchial  tubes,  diminislied  t-alilxT  of, 


HroTifluohiiH,  iiili-Tc'iitous,  165.  3II,_ 
Bronchitia,    ch  onic,    associated    with 
fibroid  phthisiB,  ISO. 
associated  with  senile  emphysema, 
190, 
Z.     Bimple,  analysiB  of  physical  signs  in, 


Calculi,  biliaiy,  396,  397. 

in  Ihc  bowels,  388. 
Calipers,  uw  of,  35. 
Cancer,  gastric,  377,  383. 

navel.  396. 

of  liver.  393,  396. 

of  luug,  164. 

of  suprarenals,  376. 

parietal.  375, 

scirrhous,  of  pylonis,  383. 
CapillarieH,  filling  and  emptying  uf ,  XVX 
Capillar}-  pulse.  330,  357. 
Caput  Medusn;,  368. 
Carcinoma  of  sigmoid  Hesure,  377. 

of  Btomach,  ^4. 
Cardia.  stenosis  of,  387. 
Carfiac  cycle,  262. 
Cardiac    disvaso.    "broken    conipensii- 

tlon''  in,  62, 
Cardiac  dulncse,  absence  of,  253,  2.')7, 

absolute.  218,  245. 

altered  by;  change  of  pomtion.  256. 

apparent  increase  of,  256. 

area,  limits,  and  shape  of,  249.  253. 

cireumacribed,  255, 

clinical  value  of.  247.  !■■ 

covered,  245,  247.  ^■I 

deep,  245,  247.  ^^M 

diminished,  253,  257.  ^^H 

displaced,  253,  257.  ^^H 


vnlunii-  <•!.  m 
■.  li'li. 
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GkTitiM,  olond,  teukm  of  walk  of,  94. 
Tonme  of.  94. 
cgriindriaa,  fangth  of ,  94. 

mtdiof,!^ 
IMimmMHy,  m  euise  of  mmphoric 
mpiimtkm,  166. 
hmt%  soimclfl  accompanying,  270. 
It  HOes  in,  176. 


■amNinded  bv  solidified  tissue.  191. 
tUck-walled  bronchiectatic,  HI. 
tuberculous,  125. 
tympanitic  note  over,  00. 
OBOum,  cancer  of,  376. 
ebronic  thickening  of,  390. 
malignant  disease  of,  389. 
natof,388. 
OnRBbraq>inal  menin^tis,  complicated 

by  endocarditis,  313. 
Ganrieal  veins,  engorgement  of,  341. 

•wdling  of,  341. 
Ghemistiy,  cunical,  6. 
CbBst  (thorax),  11. 

abnormal  shape  of,  42,  48. 
caused  by  occupation,  30. 
umlateral,  48. 
ahur  or  pterygoid,  42. 
anatomical  Jsjidmarks  of,  14. 
anatomy  of,  topographical  and  rela- 
tional, 13. 
anterior  aspect  of,  18. 
average  circumference  of,  3.5. 
barrel-shaped,  45. 

bulging  of,    local   or   circumscribed, 
50. 
unilateral,  4. 
comparative  observation  of,  29. 
contraction  of,  disease  the  cause  of, 
49. 
unilateral.  48. 
deformity  of,  47,  229,  230. 
depressions  of,  local  or  circumscribed, 

50. 
cfiameters  of,  37. 

diseases  of,  physical  diagnosis  of,  3. 
disproportions  in  size  of,  41. 
devation  of,  53. 
emphysematous,  44,  53. 
edaigement  of,  artificially  produced, 

pathologic,  41. 
unilateml,  49. 

ion  of,  diminished,  52,  53. 
ineveased,  51. 


mpiratory,  56. 
mulateral,  37,  54. 


funnelHBhaped,  46. 
inmction  of,  28. 

m  emphysema,  209. 
imogularities  of,  congenital  and  ac- 
quired, 30. 
lakeral  aspects  of,  221 
ki^^ofj  37^ 


Chest,  mensuration  of,  34. 

in  emphysema,  210. 
movements  of,  30, 65,  62. 

abnormal  or  diminished,  54. 
normal  appearance  of,  29,  419. 
nutrition  of,  34. 
palpation  of,  63. 
paralytic  or  phthisinoid,  42,  43. 
physical  diagnosis  in  diseases  of, 
physical  signs  in,  13. 
pigeon,  45,  54. 
posterior  aspect  of,  22. 
rachitic,  45. 
regions  of,  axillary,  22. 

clavicular,  19. 

inferior  sternal,  21. 

infra-ax illarv,  22. 

infraclavicular,  20. 

inframammary,  21. 

infrasoapular,  22. 

interscapular,  23. 

mammarj'.  20. 

scapular,  22. 

superior  stcnial,  21. 

supraclavicular,  19. 

suprascapular,  22. 

suprasternal,  18. 
retraction  of,  after  cirrhosis  of  lui 

48. 
Rdntgenography  of,  418. 
Rontgenoscopy  of,  419. 
semicircumference  of,  36. 
shajK*  of,  31,  41. 
size  of,  31,  36,  41. 

unilatonil  abnormality  of,  4S. 
smallncss  of,  pathologic,  42. 
s>niimctr>'-  oif,  29,  31,  41,  47. 
tapping  of  fluid  from,  15. 
topography  of,  13,  17. 
transverse  constriction  of,  45,  40. 
vesicular  sounds  in,  IT)!. 
Chest  muscles,  tension  of,  144. 
Chest  pantograms,  39. 
Chest  wall,  pathologic  conditions  in, . 

tension  of,  93. 
Chest«,  broad  and  deep,  comparison 

40. 
Cheyne-Stokes  breathing,  60,  333. 
Children,  borders  of  lungs  in,  107. 
inspiratory  dyspnea  in,  62. 
liver  dulness  m,  398. 
percussion  of,  252. 

while  ciying,  84. 
physical  signs  in,  197. 
prominences  of  chest  in,  51. 
respiratory  rhythm  in,  34. 
retraction  of  lower  chest  in,  53. 
type  of  respiration  in,  31. 
vocal  resonance  in,  197. 
Chlorosb,  accompanied  by  murmv 
338. 
hypc^lam  of,  314. 


Choiidntatemal  jiinctiim,  Uiini,  IS, 

Cireultitioa,  venouR,  340. 

CirrhoBU,  atrophic,  395. 

Ctftviclee,  immeduite  percuHtiioii  of,  OS, 

location  of,  14. 
Click,  at  apex,  sigiiificanco  or,  173, 

Coin-clinking  test,  126. 
Coin  percussion,  12G,  213, 
Collapae,  nrrh^hiuia  iii,  277, 
CoUyer's  pelvimeter,  37. 
Cokin,  aaoending,  cancer  of,  376. 
enlajgement  of,  376. 

distention  of,  375,  37B.  388,  397. 

iuflatioD  of,  sa  B.  test,  410,  412. 

□lalienant  diseaac  of.  389. 

position  of  388,  428. 

prolapse  of,  377, 

nite  of  movement  in,  428, 


tuiDore  of,  377,  389. 
Congestion,  bronchopulnionajy,  18U. 

piilmonary,  206,  207. 
Coni  artcriosi,  261. 
Consolidation,   pneumonic,   slniulatioi 

of,  198. 
Couaumption,  prediapoaition  to,  17i), 
Conus  aorta;,  262, 
Conus  arteriosus,  dilation  of,  305. 
Cor  bovinum,  3fl9. 
Cords,  aberrunt,  307. 


(.■r:iA,.,i-i 


tion,  64. 
of  chest,  48. 
Dnrliitition  mun 
Deririuni  cordis,  323. 
I>cpn«HLon.  suprastenial,  IS. 
Dermal  hearing.  84. 
DoruiBtitis  canswf  by  Hontgejiosci'iiy 

418. 
Dextrocardia.  230,  258,  426. 
Did^osiH.  pbyaical,  3. 
Diaphragm,  displacement  of,  425. 
elevation    of,    from    abdominal    iMi- 

Iftrgement,  117. 
excuision  of,  norntul.  420. 
flattenir^  of,  400. 
immobility  of,  425. 
movement*  of,  32, 

.    .     -  -  by  palpaliol 
'peeling  off    of,  33. 
restriction  of,  51, 
shadow  of,  420. 
of,  27. 
Diaithragmatic  phenon 
Diarrhea,  colliquative,  £ii. 
Diiwtolic  ahock,  237.  Z73. 


apparent  or  false  doubling;  of,  280. 
and  pitch  of,  261. 
uiid  quality  of,  261. 


which  revealed,  110. 


K.I.,;;!.'  ;iiid  j.hysiulogic,  50, 
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EflhlnoonciWM  dimwe,  986.  (See  abo 
TMe  on  Diagnons  of  DisMses 
of   the    Liver,   bet.    ix>.  90&- 

vr.) 

Eoho,  en^phoric,  126, 166. 

metame,  125. 
Rdetmi,  abdominal,  372. 
^pulmonary^  111,  207. 
Emision,  pentoncal,  377. 

I^euritic,  129.     See  also  Pleural  Ef- 
fusion. 
^gophony,  100. 

as  sign  of  vocal  resonance,  192. 
in  pneumonia,  206. 
ESei^antiasis.    (See  Table  on  Diagnosis 
of  Diseases  of  the  Liver,  bet.  pp. 
396-97.) 
Emaciation,  accompanying  tuberculo- 
sis, 125. 
of  chest,  significance  of,  34. 
Embryocardia,  277. 
Emotional   excitement,   effect   of,   on 

apex-beat,  239. 
Emphysema,  183. 

breathing  characteristic  of,  157,  158. 
compensatoi^y,  54,  116,  399. 
conditions  hidden  by,  213. 
differentiated   from   pneumothorax, 

212. 
displacing  apex-beat,  230. 
displacing  heart,  270. 
displacing    liver   dulness,  399,   400 

402. 
encroaching  upon  heart,  257. 
enlargement  of  chest  in,  41. 
hyperresonance  in,  93. 
hypertrophic,  auscultation  in,  211. 

diagnosis  of,  212. 
•     palpation  and  percussion  in.  211. 
physical  examination  in,  209. 
synthetic   analysis   in  a  case  of, 
212. 
impairment  of  fremitus  in,  68. 
innation  of  chest  in,  44. 
interlobular,    cnnnpling   sounds   in, 

187. 
jugular  undulations  in,  341. 
lessened  apical  impulse  in,  240. 
obstruction  of  lungs  from,  271. 
revealed  by  Rdntgen  rays,  422. 
senile,  191. 

nie  and  shape  of  thorax  in,  209. 
vicarious,  50,  116. 
vocal  resonance  in,  193. 
Empyema,  evacuation  of  pus  of,  128. 

pyJsating,  55.  72,  226. 
Endarteritis,  338. 

Endocardial  murmurs,  organic,  303. 
cause  of,  284. 
intch  and  quality  of,  296. 
Endocaiditis,  240. 
••  cause  of  murmuis,  284. 


Enlaigement  of  chest  from  occupation, 
41. 
in  asthmatics  and  mountaineers,  41. 

Enlaigements,  local,  features  of,  374. 

Enteroclysb,  390. 

Enteroliths,  376,  377,  388. 

Enteroptosis,  377. 

Epigastric  angle,  16. 

Epigastric  enlaq^ement,  differentiation 
of  naturi*.  of,  375. 

Epigiustric  pulsation,  226. 

Kpigastriuni,  systolic  recession  of,  228. 

EpiK^psv  associated  with  bradycardia, 
321. 

E<iuilibrium,    elastic,    of    air-vesicles, 
119. 

Equipment  of  physician,  physical  and 
psychic,  9. 

En^tor  spina?!  musclw,  15. 

Examination,  physical,  results  of,  3. 

Exercise,  influence  of,  on  heart  mur- 
mur, 298. 

Exhaustion,  general,  as  cause  of  car- 
diac weakness,  270. 

Exophthalmic  goiter,  314. 
munnur  of,  359. 

Expiration,  forced,  pitch  of,  93. 
jerky,  60. 
prolongation  of,  60,  157. 

"Expiratory  drag,"  65. 

Expiratory    pressure,    diminution    of, 
58. 

Expimtorj'  sound,  delayed,  157. 

Exploratory^  puncture,  19.5. 

Extnipulrnonan'  contlition.s,  113. 

KxtHnnitio."^,  hulkiness  of,  372. 

Exudation,  pleuritic,  113. 

dctcnnination  of  nature  of,  VMS. 
its  relation  to  ix?rcu.ssion  dulness, 
113. 

Fat,  abdominal,  372. 

simulating  liciuid,  373. 
Fatty  degeneration,  weak  heart  sounds 

of,  270. 
Febrile    dist'asos    causing    splenic;    en- 
largement, 404. 
Fecal  accunudations,  37(3,  377. 
palpation  of,  388. 
simulating  enlarged  spleen,  404. 
Femoral  veins,  venous  munnur  in,  347. 
Fermentation,  gastric,  387. 
Fetal  remnant  m  umbilical  region,  377. 
Fet^il  rhythm,  277. 

Fevers,  acute  infectious,  arrhythmia  of, 
277. 
prolonged,  toxemias  of,  270. 
Finger,  hyperemia  of,  from  percussion, 

81. 
Finger  percussion,  246. 
advantages  of,  75. 
baring  of  chest  for,  76. 
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Finger  iicircii8iion,  method  at,  70. 

ponlioo  of  thi-  putirnl  for,  76. 
FinK^r-fri^tino  NoundB,  144. 
Fiiinra.  clubbing  of,  36-t. 
Fiwiirs  of  ttw  luDKB.  20,  21,  2S. 

long  or  grmUrr,  2&. 

Hhort  or  IcMor,  25. 
Fwtuta,  thomcic.  IJS. 
"Flidf  raurmiir.  292.  366.  359. 
Fliietuatiotij  nbdamiiuil.  373, 

in  prwHiruiiil  intorspiu^^e,  24-1. 

iwnplwrip.  71. 

liirtipli',  i^liritod  liy  polpaticui,  71. 
-Fluid  vcii.«,"  283. 
Fliion-Hv-iit  Bcntii.  417.  418,  433. 
Fliiomipopi'.  use  of.  419,  4'2<i.  177. 
I  Fluxh  etrvalc  on  fomhnui,  340. 

I  FonUuK'Ile  of  infunW,  systolic  rrrobRil 

blowing  sound  in,  3-'%). 
Foot,  vonoiiB  piilec  in,  346. 
Fmcturw  as  cause  of  ofiynimctry  of 

chest,  30. 
Fnnniasnnftit  cataire,  242. 
Fpcmitiis,  189. 


pluuml  or  Iricllon,  dUappcivnincu  of, 


Qcreased  resisUincc  of. 


iger  signal,  279. 
GallittoDHa,  395. 

crepitus  of.  401. 

ri?«ignifflHi  by  Rflnl^n  rays.  428. 
Gangrene  of  lune,  120,  IM. 

porruiHion  dulnesa  in,  111. 
Gasitn>ctii«iH.  374,  382. 
Gastric  tympany,  onlareed  ai 
Gagiriu  wall     '  ^ 

3S3. 

Gastritis,  epigastric  tetidprncss  id,  383. 
Gastrointestinal  tract,  ttontgen  exam- 
ination of.  427. 
Gastroptoeis,  374,  377,  3S2. 
Oo^nll'H  change  of  pitch,  123,  127, 
Glands,  enlargement  of,  in  Hodgkin's 
dtseaaej  375,  377. 
tnesentenc  or  retroperitoDeoI,  375. 
Glenard's  disease,  413. 
Glottic  vibrations,  trunsmission  uf.  IW. 
Glottis,  widening  of,  123. 
Goat  voice,  192. 
Goiter,  exophthalmic,  232,  277. 
Gravtw's  diwosc,  232. 
"Grip."ind<'tenninatebtT.'ftthltigiii,  IfiO. 
Grocieo'e  pamvertcbntl  triangle,  115, 
Gnxivc  from  navel  lx>  rite,  3^2, 
Growth,  hydronephrolic,  409. 
Gurgles,  172. 

cavemoufl,  absence  of,  172. 

ileo-i-wal.  390. 


iruu-ls,  vituJ  ciiiJiicilj-  [i 


Hiiir.  loss  of.  41S. 


.'Hi. 
r-;,l,  287. 


.1  iiii.l.illiy  or,  307. 


i.il  uncmmlks  of,  r«IG, 
of,  229.  2.53,  273,  3a5.  42(1 
■IMiiiWc,221. 
«'i'uki*n«l  ventricular  wtil 
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of ,  •etoal  and  faypothet- 
ml  iMM  of ,  848. 
pinriod  ifiggnnrii  of,  214. 
TMTuluv3Q0. 
diwiMWBMnt  of,  80,  225,  229,  428. 

AjUiinie  IfttenI,  235. 
fiftty  dcmeimtioii  of,  240,  272. 
fint  ftDcTfleooiid  sounds  of,  260. 
floor  aounds  of,  283. 
HtJtmBt  point  of,  216. 
Liy periwig  of,  163,  225,  229,  240, 
263,273,311,314,426. 
apparent,  256. 
Bounds  in,  270. 

with   loss  of  compensation,  270, 
272. 
inspection  of,  221. 
int^mittent,  234. 
location  of,  20,  214,  245. 

nonnal,  426. 
musical,  307. 
neii^iboTfaood    of,    dissimilarity    of 

percussion  sounds  in,  102. 
normal,  mobility  of,  220. 
percussion  of,  245. 
surface  landmarks  of,  216,  220. 
obstruction  of  flow  of  blood  into, 

271. 
paral^vis  of.  279 
pulsating,  snadow  of,  420. 
pulsations  of,  55. 

at  base  and  borders,  223. 
relations  of,  to  chest  wall,  216,  217. 

to  lungs,  218. 
ROntgen  examination  of,  426. 
shape  of,  245. 
sise  of,  245,  249,  426. 
true  apex  of,  251. 
valves  of,  264. 
valvular  disease  of,  277. 
ventricles  of,  217. 
weak,  279^  336. 
diagnosis  of,  233. 
hyrostasis  of.  111. 
Heart  aulness,  absence  of,  130. 
Heart  failure,  273. 
Heart  muscle,  granular  degeneration 

of,  272. 
Heart  sound,  first,  accentuation  of,  270. 
diminished  intensity  of,  272. 
slapping  character  of,  271. 
mitnu,  accentuation  of,  271. 

muffling  of,  271. 
fleoond,  danging,  booming  quality 
of,  269. 
reduptication  or  division  of,  269. 
trienspid,  271. 

sounds,  accentuation  of,  261, 
288,  270,  276. 
of,  261,  262. 
m  intoisitv  of,  270. 
of,  250. 


Heart  sounds,  devation  of,  276. 

heard  through  stethoscope,  143. 

in  aortic  reguigitation,  358. 

in  mitral  o£»truction,  354. 

metallic  quality  of,  260. 

normal,  260. 

pathologic  modifications  of,  269. 

physiologic  variations  in,  267. 

pitch  of,  268,  276. 

produced  at  four  valve  areas,  267. 

rh>thm  or  time  of,  261,  263. 

showing  irritability  of  weakness,  271. 

strength  and  loudness  of,  267. 
Heart  strength  indicated  by  force  of 

pulse,  323. 
Heart-lung  Ixnmdary,  245. 
Heart -murmurs,  valvular,  8. 

simulated    by    systolic    vesicular 
breathing,  152. 
Hematocele,  pelvic,  376. 
Hematoma,  377. 
Hemisystole,  241. 

Hemorrliage,  avoidance  of  percussion 
after,  81. 

seven*,  cardiac  effect  of,  274. 
Hemothorax,  69,  425. 
Hepatic  dulness,  130. 
Hepatic  flexure,  distention  of,  causes 

of,  376. 
Hepatitis,  diffuse  syphilitic,  395. 
Hernia,  epigastric,  372. 

inguinal,  376. 

umbilical,  372,  377. 
Hippocmtic  succuswion  sound,  132, 180. 
Hodgkin's  dise4i.se,  375,  404. 

abdominal  glands  in,  377. 
Hydatid  thrill,  396. 
Hydatids  of  liver,  377,  393,  395,  390. 

of  spk^en,  404. 
Hydremia,  298. 

Hydropericardium,    mobile    transuda- 
tion of,  250. 
Hydropneumopericardium,  311. 
Hydropneumothorax,  71,  213,  425. 

detection  of,  72. 

metallic  tinkling  in^  185. 

percussion  dulness  m,  115. 
Hydrops  of  gall-bladder,  396. 
Hydrothorax,  69. 

percussion  dulness  in,  115. 
Hyperpnea,  59. 
Hyperresonance,  92,  93,  130. 

in  emph3rBema,  116. 

unilateral,  116. 
Hypochondriac  region,  position  of  liver 

in,  391. 
Hypopnea,  59. 
Hypostasis,  differentiation  of  physical 

si^is  of,  207. 
Hypostatic  con^^estion,  207. 

transition  of,  mto  puhmmaiy  edmna, 
208. 


Infa.rcta,  crepitant  rAIra  in,  178. 
Wmarrhugic,  162,  208, 
1o«aliiatiuu  oS,  209- 
pemiswoii  dulnesB  in,  110,  111. 
revealed  by  pleuritic  friction.  1X3, 
liifmcliLvicular   tipoc^ti,    pcrcuwiuu    at. 

09. 
llirrDmamtnOiry  n^ona,  contents  of,  21. 


[KTmisston  I 
liilrewatuilar 


liilrewatuilar    nigions,    percussion    of, 

101. 

Inguinal  region,  303. 
Iiinoiuinate  artery,  position  of,  218. 
Irispection  of  cheet,  method  of,  2S. 
posture  tor,  2S, 
preferable  light  for,  28. 
IiJHpiratton,  incivaaed  length  of,  60, 
irregular  rhythm  of,  90. 
jerky,  intorrupted,  or  wavy,  151. 
IiiHpitBtion   and   expiration,   compari- 
Bon  of  movementa  of.  ISO. 
lengthened  interval  between,  156. 
InBpiiation-ei:piralion    ratio,    clianged 

relation  of,  00. 
InHpimtion     to     expiration,     r^ktii'e 

length  of,  145. 
InB|:iirati)ry    pressure,     diminished     in 
tuberculosiB,  58. 

lower  ant ero- lateral,  recession  of.  .T^i. 

wvrmd  riEht,  26.5. 
liil..rse»piil:.r  n^cinn,  pcmlssion  of,  101. 
lim-tiiial  I ivi .pki>;irLK,  im>liiUly  of.  :W1I, 
t[iti'~iiii,il    iilir.iniclion,    iM^rUlalsiH    iji, 


.luBLilrir 
.litKuL.r 


Jusular  veins,  diaetolir  collapse  of,  315. 
distention  of,  abnornuU,  341. 
pulaatioii  of,  243. 
viaibility  of,  340. 

KAtiwnsehniinen.  242. 
Kidney,  boggy  raeistance  over,  410. 
t;ystic.  377. 

diBpIiicnl,  floating,  or  movable,  370, 
377,  409. 
di^Tiosis  of,  428. 
dif^reiitiut«d  from  spleen,   412. 

from  tumor  of  gall-bladtler.  397. 
palpation  of,  371). 
cntargemetit  of,  37(1,  409. 
palpation  of.  409. 

as  a  "greasy  mass."  409. 
without  disWalion.  410. 
percussion  of,  411, 
range  of  mobilily  of,  397. 
sarooma  of,  in  childmi,  410. 
tumor  of.  with  bulging,  409. 
Kidney  and  boweJ,  relation  of,  410, 
Kidney  dulncas,  398. 
Kidneys,  anatomy  of,  topographic.  407, 
examination  of,  428. 
location  of.  on  the  back,  408. 
shape  and  surface  of,  41(1. 
Kyphoscoliosis,  48. 
Kyphosis,  47.  „^^ 

Lnndmark,",  Bn.ilimie,  27. 


i.;irj-nc(al  whiaper,  iitimiiii,   ISU. 

i.arj'ngopliony,  IKS. 

Larjnix.  in  relation  to  voeul  fnni 

fifi. 
f-eud-poi.HfiniTig,    double    nuiniiMr 

3.W. 
I-ife-iasumiite,  importanee  of  n-»\ 


Kdt  deposits,  314,  31S. 
ahwi,  -■JlUi, 
nwl.v:irliriiUm,  37,  401}. 
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Liver,  anatomy  of,  topographic,  391. 
antero-inferior  edge  of,  391. 
atrophy  of,  400. 
auscultatory  percussion  of,  399. 
borders  of,  condition  of.     (Sec  Table 

on  Diagnosis  of  Diseases  of  the 

Liver,  bet.  pp.  390-97.) 
bosselated,  396. 
cancerous,  395. 

conditions  affecting  edge  of,  395. 
consistency  of.     (See  Tuhle  on  I  )iag- 

nosis  of  Diseiuses  of  the  Liver, 

bet.  pp.  396-97.) 
diminution  in  size  of.     (See  Table  on 

Diagnosis    of    Di.seiu^es    of    the 

Liver,  l)et.  pp.  396-97.) 
diseases  of,  diagnosis  of.     (See  Table 

on  Diagnosis  of  Diseases  of  tlu' 

Liver,  bet.  i)p.  39()  97.) 
displacement  of,  393,  394.  399,   100. 
effect-s  of  tight  laeing  on.  .S9t. 
engorgement  of,  passive,  395. 
enkrgement  of,  230,  375,  393,  399, 

400. 
from  amyloid  or  fatty  degc^nera- 

tion,  393. 
from  leukemic  or  malarial  hvper- 

plasia,  393. 
uniform  or  irregular,  393. 
examination  of,  by  inspection,  392. 
fatty,  395. 
floating,  377. 
form  of.  394. 
hydatid  cyst  of,  399. 
influence  of  a<re  uj)()ii,  392. 
leukemic,  395. 
lobulated,  39(). 
nodular,  395,  390. 
pain  in.     (See  Tal)le  on  Diagnosis  of 

Diseases  of  the  Livrr,   In.   pp. 

396-97.) 
palpation  of.  39i^. 
percussion  of,  397. 
position  of,  391. 
pulsation  of,  227. 

vascular,  3()9. 
Rontgen  examination  of,  42<S. 
senile  shrinkage  of,  39S. 
shadow  of  lower  edge  of,  393. 
size  of,  392,  394. 
surface  of,  granular,  395. 

smooth  or  uneven,  395.     (See  also 

Table  on  Dijignosis  of  Diseases  of 

the  Liver,  bet.  pp.  396-97.) 
surfaces  of,  391. 
syphilitic.  395. 
tumor  of  convexitv  C)f,  399. 
wandering.  393,  394.  400. 
Liver  and  spleen,  line  of  demarcation 

iH'tween.  5(). 
Liver  dulne.ss,  absence  of,  400. 
absolute,  397. 


Liver  dulness,  areas  of,  397,  399,  400. 
borders  of,  398. 
extent  of,  nonnal,  411. 
relative,  397,  400. 
Liver  pulse,  venous,  345. 
Liver-kidney  angle,  411. 
Logic  liti  a  fundamental  science,  6,  8. 

as  a  necessity  in  diagnosis,  S. 
Lordosis.  IS. 

Lung,  cartliac  border  of,  nM ruction  of, 
131. 
cavities    in,    indicated    by    whisjxT 
])ectorilo<piy,  192. 
large,    tenst»- walled,    connnunicat- 
ing,  193. 
collap.se  of,  160,  ^24. 

from  pleuritic  etTusion.  192. 
compression  of,  129,  1()2,  191. 
congestion  of,  203. 
consolidation  of,  (>S,   109,   124,   161, 
IS3,  240,  425. 
pliysical  changes  in,  I5S. 
resonant    rales  in,    17(). 
shadow  of,  421. 
small  or  j)artial.  111.  191. 
tulKTculons,  112. 
expansion    of,    after    application    of 
irritant,  129. 
conditions    which    interfen'    with, 
154. 
fibroid  contractions  of.  230. 
hrmorrliagic  infarct   of,   110. 
larirc  and  air-containing.  212. 
left,   chronic   fibroid   contraction   of, 
'2'M). 
fissure  of.  25. 
limits  ol,  2  \. 
linmilM  ol,  25. 

lobrs  of,  li.v-urr  Ix-twi'cn.  20.  21. 
malignant  vascular  (nniorol.  22(». 
normal   percn»ion   limits  of,    KM. 
ovcrlap))iiig   ln-ait.   270. 
jx'rcus.sion    of,    when    n'nio\(Ml    from 

bo<ly,  S7. 
pnennionit  ic,  12s. 
pulsjitile  inovenicnt  of,  72. 
relaxation  of,  9.S,  1 1<). 
resonance  of.  93. 

retraction  of.  93,  119,  124,  129,  131, 
191.  240.  313. 
over  noimal  heart,  25(). 
right,  less  resonant  tlian  left,  97. 

limits  of.  24. 
Hontgenogmphy  of,  419. 
.solid  growths  on  or  near,  110. 
tran.sparency  of,   in   Kiintgenognim, 

423. 
tuberculous  conden.sations  of,  191. 
Lung  and  pleura,  fistulous  communica- 
tion iK'twtH'n,  122. 
Lung  l)<>undaries,  altertnl  condition  of, 
130. 


L 


Lung  boundarti's,   apparent  unikteniJ 
ezpansioD  of,  131, 
dtEplaccRieaU  of,  107. 
extension  of,  bilateml,  130. 

uaikteral,  131. 
mobUity  of,  130. 

diiDinished,  131. 
poaition  of,  130. 
Lung  capucity ,  in  relation  to  height,  40. 

of  young  adulla,  57. 
Lung  rcHm,  129, 
LuDg  Bounds,  differing  from  adjacent 

lisBUFs.  103. 
Lung  structure,  ahndowa  of,  420. 
Lung  tissue,  deHtructiou  of,  by  various 
diseases.  119. 
aolidificiLlion  of,  162. 
Luui;-fistuk  sound,  IHO. 
Lung-liver  boundaries,  SS"!. 
'  uu^,  anterior  bordera  of,  delimitation 
of,  104, 
apices  of,  19. 

'*"  '      percussion   note  of, 


102. 


L,  revealed  b 


damming  back  of  blood  in,  27>i. 
determinable  percussion  outliiiex  of, 

104.  loe. 

difTerenoee  between.  24. 

dM-.i^rs    of,    ].hyH\.;,\    di:ii;ni-.si^   nf, 


MiimniiUaiy  lines,  18. 
Maneuver,  arm,  182. 

deeubilHl,  182, 
Heal,    full    and    stimulating,    cardlse 

effect  of,  239. 
Mediastinopericardilis,  fibrous,  341, 
Mediastinum,  solid  growths  of,  230. 

tumors  of,   427. 
Medical  exuminera,  physical  examina- 
tion by,  35. 
Medical  physics,  S. 
Men,  type  of  reapirotion  in,  31. 
Mensuration,  spirometric,  57. 

thoracic,  34. 
Mceentcrie  glands,  enlargement  of,  377. 
McBouxillary  (midaxillai;)  line,  IS,  IK 
Meaocardia,  258. 

Musoclavieular  f midclavicular)  line,  IS. 
Mesospinal  (midspiual)  Kne,  IS. 
Mcsoatemal  ( midst  ernaJ)  liiic,  18. 
MetalUc  tinkhng,  185,  ISfi. 
Meleorisra,  373. 

displacing  apex^beat,  229. 
.Microscopy,  cLnical,  Q. 
Mitral  insufficiency,  225,  275. 

back  flow  of  blood  in,  275. 

organic,  diaenoets  of,  353. 
differential  diagnosis  of,  351. 

physical  pathology  of,  350. 

relative,  351. 


Hitni 


I,  physical  patholoc 


loU.-i  of,  L'li. 
niubilitj-  of,  107. 

pcrt'usaiou  of,  alTccted  Ipv  pmximity 
of  lii-:irl  and  liver,  M. 


I.  ■    ■!    IV  ..I.  ■2\. 

si/.i-'ii,  l((:i. 

8U|ii'rii>r  liiirdiT  of,  elevrttr'iJ  im  ex- 
piniliim.  UJ5, 

'■viiliimctrif  vu  rial  ion  "  ol,iV2. 
Iawic^  iiTid  adjacent  orpaus,  l>>"Uii!iiriw 

nf,  KI-3, 
Lliiijr.H  :iiid  pleiine,  dlwiises  of,  liypo- 

Ibi'liciil  ci^-.-snf,  lilU. 

Tjiiiu'-<liniii,i'li  1 iiliiri,.K,  IIS'I, 

l.viiipli  d.v.ul^.  nJi.winillt  of,  ft«. 


M.n 


ii'.;^  of,  2,-^', 
rl-hl  iU\d  ]rl\. 


352. 

slight  degree  o 
Mitral    slenoas,    i^i>,   ^f.i,    ::,'mj,   , 

353. 
cireiunscribed  diihieaa  in,  25.'i. 
difterentialed     from     refjiirgilal 

;i5,i. 
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Mnmuir,  Mrtie  ratotio,  288,  293,  300. 

<MBWPtuited  from  aortic  veguigi- 
tut,  360. 
dbatolie  fonetknua,  306. 
doubb,  888,  360. 
Dumritti's,  338. 
cndoeiurdiaL  282,  310. 

Innetional  or  dynamic,  282. 

hemic  or  anemic,  282. 

CKganic  or  structural,  282. 
hte  mtolic,  288. 
mitnl  diastolic,  290. 
mitral  obstructive,  359. 
mitral  presystolic,  290,  292. 

afmearance  and  disappearance  of, 
297. 
mitnl  systolic,  291,  300,  301. 
obstructive  aortic,  288. 
over  dilated  aorta,  359. 
over  liver,  401. 
pre^yBtoric.  288. 
pulmonic  aiastolic,  295. 
pulmonic  systolic,  293. 
xcguigitant,  284,  286. 

aortic,  288,  289. 

mitral,  288. 

Boosaw,    uUl. 
qrstoUc,  288. 

aortic,  288. 

mitral,  288,  360. 

presystolic,  290,  295. 

regurgitant,  290. 
tricuspid,  294. 
yesicular,  in  children,  150. 
Murmurs,  242,  259. 
accidental,  304. 

characteristics  of,  304. 

location  of,  306. 

musical,  307. 

production  of,  305. 
anemic,  304,  305,  352,  a59. 
aneurismal,  283,  359. 
arterial,  337,  338. 

associated  with  cardiac  neuroses,  303. 
Uowing  or  rustling,  296. 
cardio-muscular,  304. 
characteristics  of,  285. 
chlorotic,  306. 

differentiation  of  significance  of,  300. 
(tirect  or  onward,  283. 
due    to    disease    of    arterial  walls, 

338. 
duration  of,  298. 
dynamic,  304. 

of  health,  304. 
functional,  303,  306,  351,  359. 
functional  and  organic,  differentiation 

of,  306. 
Iiemic,  286,  304,  305. 
indeterminate,  145. 
induced  or  pieBBUxe,  337. 
inoiganic,  304. 


MunnuiB,  intensity  of,  296. 

influenced  by  posture,  ezeroise,  and 
respiration,  298. 
interpretaticm  of,  290. 
localiiation  of,  285. 
mode  of  eliciting,  288. 
multiple  or  conibined,  299. 
musical,  296,  297,  307. 
of  insufficiency,  when  heard,  287. 
of  obstruction  or  stenosis,  283,  287. 
of   pulmonary   valve,   systolic   and 

diastolic,  290. 
organic  valvular,  rhythm  of,  287. 

transmission  of,  290. 
pericardial,  308. 

pericardial  and  endocardial,  differen- 
tiation of,  310. 
physical  diagnosis  of,  288. 
physical  explanation  of,  283. 
production  of,  283. 
quality  and  intensity  of,  295. 
relation  of,  to  uonnal  heart  sounds, 

288. 
respiratory,  study  of,  144. 

vesicular  and  bronchial,  145. 
rumbling  or  rasping,  296. 
twanging  and  singing,  296. 
venous,  305. 
Muscle  sounds,  144,  187. 
Muscles,   inspiratory,  tetanic  contrac- 
tion of,  61. 
recti,  separation  of,  372. 
Muscular  uevelopiucnt,  larger,  of  right 

side,  101. 
Myocardial  degeneration,  277,  323. 
Myocarditis,  240. 
murmur  of,  359. 
weakened  heart  sound  in,  270,  272. 

Nails,  loss  of,  418. 

Neck,  throbbing  in,  314. 

Neoplasms,  abtlominal,  372. 

causing  splenic  enlargement,  404. 

Nephritis,  cnronic,  240. 
chronic  interstitial,  273. 

Nervous   system,   effect   of,   on  valve 
sounds,  268. 

Neurasthenia,  exaggerated  aortic  im- 
pulse in,  227. 

Nipple,  location  of,  16,  18. 

Notches^  epi-  and  suprasternal  pulsa- 
tion in,  313. 

Obesity,  372. 

Occupation,    as    cause    of    abnormal 

thorax,  30. 
influence  of,  on  valve  sounds,  2G8. 
Omental  adhesion,  377. 
Omentum,  shrinking  and  thickening  of, 

377. 
Ophthalmology,  5. 
Oi^ganqgrapfay,  3. 


OriRcos,  mitral  and  trictispid,  267. 

non-valvuiar,  2H5. 
Orthopnea,  cardiac.  62. 

relieved  by  upHght  poatui^,  62. 

Osscoiw  ftud  cartilflj^nouB  framework. 
influenf^e  of,  on  percuwion,  87. 
resilience  of,  87. 
Ovary,  tumor  of,  377. 

Pain,  Cftrrfiac,  after  pnciunoniii,  423. 
Palpation,  in  ticklish  pKtieriU,  371. 

of  apex-bcot,  344. 

of  ehaet,  R.  63. 

S reparation  of  handa  for,  il3. 
le  of,  83,  7m. 
Palpatory  percussion,  24li. 
Palpitation,  nervous,  232. 
PancreuB,  cnncer  of,  375,  397. 

cyst  of,  375. 
Pantograma,  3fl. 
Pantograph  of  Hall,  38,  42. 
E'nmstcmal  lines,  18. 
Pathology  ae  a  funduiucnlul  Bcicii(<c, 

Pectoriloquy,  190. 

whisper,  192. 
Pectus  carinatum,  46. 
Pelvimeter,  C-ollycr's,  37. 
Pelvis,  eiilaijemenid  of,  F 


Percussion  of  stomach,  S7,  94. 
palpal  i>ry,  84. 


nof 


elicited  ui,  S-t. 


slethoacopic,  82. 

superficial  and  deep,  85. 

topographical,  73, 77,  87,  103. 

variations  in  force  of,  80. 

vibration  of  underlying  parte.  81. 

with  four  fingers,  78. 

with  open  or  closed  mouth,  122, 
Percussion  bouodarieii,  hmg-heart,  105. 

lung-kidney.  106. 

lung-liver.  106. 

lung-Hplecn,  106. 

lung-stomach,  100. 
Percussion  dulncsSj  absolute,  111,  l;(0. 

in  aortic  rcgureitation,  357. 

"wooden"  quiUity  of.  11.3. 
Percussion  hammer  of  Wintrich.  7fi. 
Percussion  movement,  springing  from 

the  wrist,  78. 
Percussion  not«  "box  lono"  of,  21], 

eltameais  of,  on  light  stroke,  78. 

tymfMnitic,  378, 
Pcrcuajioii  sounds,  ivlinormnl,  dingiMB- 
tic  sienificanee  of,  108.  ^^ 

physical  explanation  of,  108.   ^M 

ampherie.  121,  ^ 


il  v;.n!in.iniii,97.  1(12. 
•iiiiiiiich  dislended  with  air  n 


PiT.'ii..,si,ui  i-lmke.  force  nf,  79. 
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Pericardial  murmurs,  loudness  of,  310. 
quality  of,  309. 
rhythm  of,  309. 
Pericardial  splashing  sounds,  311. 
Pericarditis,  240. 
mediastinal,  330. 
simple  fibrinous,  310. 
Pericardium,  adherent,  222,  220,  241. 
changed  heart  sounds  in,  270. 
murmur  due  to,  3.59. 
diseases  of,  214. 
Perihepatitis,  ;^0,  400. 
Perisplenitis,  380,  407. 
Peristalsis,  vennicular  movements  of, 

378. 
Peristaltic  movements  of  stomach,  !iS2. 
"Peristahic  unrest,"   .'iS3. 
Peristaltic  waves,  3.S3. 
Peritoneal   cavitv,    ruptured   ulcer   of, 

378. 
Peritoneal  efTusion,  375. 
Perit^jnitis,  extreme  distention  (»f,  .'is<). 
subphrenic,  'ASO. 
tuberculous,  377.  395. 
Phonendoscope,  S3. 

in  physical  diagnosis,  140. 
of  Bazzi  and  Bianchi.  140. 
Phthisis,  119.     See    also    Tuberculosis. 
acute  pneumonic,  20S. 
acut^  tul>erculopneumonic.  208. 
fibroid,  113. 

with  thickened  pleura,  193. 
flat  chest  of,  43. 
Physical  diajinosis,  a.s  a  sciefu-e.  5. 
benefits  from  the  studv  and  |)racti.sc 

of,  9. 
qualifications  for  the  study  of,  9. 
relations  of,  (>. 

standpoint   and  importance  of.  3. 
Physical  examination,  visi])le,  ])alpal)le, 

and  audible  results  of.  3. 
Physical  exercise,   effect    of,   on   a[)ex- 

beat,  239. 
Physical  phenomena,  ante-mortem  and 

po.st-mortem,  com{)arison  of.  7. 
Physical    sipns,    significance    of,   4.   0. 
196. 
clear,  doubtful,  absent,  190. 
combination  of,  190. 
comparison  of,  190. 
elicited    by    feeling    of     the     chest 

walls,  0. 
in  health,  5. 

methods  for  perception  of,  19f>. 
Physical  strain,  effects  of,  357. 
"Physiognomy  of  di.sease,"  3. 
Physiologic  activitv,  effect  of,  on  veins, 

340. 
"Physiological  heteromorphisms,"   30. 
Physiology  as  a  fundamental  science, 

6,7. 
Pigeon-breast,  45. 

82 


Pitch,  alterations  of,  158. 

hign,  associated  with  hypcrresonance, 
117. 

in  cardiac  percussion,  250. 

influence  of  chest  wall  upon,  93. 

of  right  and  left  lungs,  95. 

production  and  variation  of,  92. 

regional  differences  of,  102. 

relation  of,  to  sound,  146. 
Pitting  on  palpation,  72. 
Plegaphonia,  194. 
Plethora,  319. 
Plethoric  habit,  341. 
Pleura,  adherent  to  pericardium,  423. 

exploratory'  pimcture  of,  195. 

lower  posterior  limit  of,  20. 

tapping  of,  drv,  195. 

thickening  of,^  112,   113,  424. 
Pleune.     See  Pleural  Sacs. 
Pleural  cavitv,  fluid  in,  112. 
Plein-al  effusion.  193,  230. 

a>  cause  of  absence  of  fremitus,  69. 

different  ial  diagnosis  of,  56,  196. 

displacing  heart,  270. 

displacing  liver  dulncss,  400. 

(Irocco's   paravertebral    triangle,    in 
115. 

left -sided,  230. 

lesseneil  apex-lx»at  in,  240. 

moderate-sized,  192. 

percu.ssion  dulness  in,  113. 

physical  diagnosis  of,  56. 

])roduction  of,  1S2, 

Hontgenogram  of,  424. 

simulating  j)neiunonic  consolidation, 
•_M)S. 

unilateral,  235. 

with  ap[)arent  symmetry  of  chest,  50. 

with  limg  consolidation,  425. 
Pleural  m(»mbranes  and  sacs,  di.sease  of, 

a.scertaine(l  by  percussion.  KM). 
Pleural  sacs,  diseases  of,  j)hysical  diag- 
nosis of.  199. 

malignant  growths  in,  103. 

relational  anatomy  of,  2(). 
Pleural  sinuses,  complemental,  27. 
Pleurisv.  Pleuritis.  acute,  54. 

adhesive,  131,  230. 

diaphragmatic,  1<S3. 

drv  tulx^reular,  180. 

localized,  155. 

sicca,  181. 

with  effusion.     See  Pleural  Effusion. 

with  thickening  of  membranes,  193. 

with  unilateral  restriction  of  move- 
ment, 54. 
Pleuritic    friction,    differentiated    from 
bronchial  niles,  183,  184. 

disappearance  of,  182. 

diseases  revealed  by,  183. 

elicited  by  maneuvers,  182. 

location  of,  180. 


Pleuritic  (rivtion,  pitch  and  dunituiD  oF, 
181. 

([Ualiiy  and  intensity  of,  181, 
Plcuropnininioniii,  101,  206. 

jilfurilic  rleineut  of,  uimoticed,  184. 
Plexiiiir'lJT,  double,  of  St'iHi,  76. 

iiiveiilioii  of,  73. 

of  Piorry,  75. 

ofSansom,  76,  81. 
ncxiini'ter  finger,  77,  7S,  250. 
Plexiiuetrie  percuasion,  246,  252. 
Plexor,  75. 

Plp.xiir  iinKi'r,  proper  flexion  of,  7S. 
Pnciir.mli.raetO'.  ^l.SR. 
Ptifiinuij;raphy,  41. 
I'neiimonia,  P'ncumonitifl,  abortive,  20(1 

uciile  croupous.  203. 

iLcute  loliar.  111. 

apical.  '20!>. 

bronchiul  respiration  in,  lOlJ, 

catarrhal,  178. 

central,  162,  205. 

chronic  fibroid,  162. 

chronic  interetttial.  113. 

consolidation  of,  S9,  191. 

creeping,  206. 

diCTerentiBl  dio^osie  of,  206. 

following  ethenxatiuii,  206. 

following  surgical  and  aecidental  ui- 
juries,  206. 


bilateral.  20«. 


Pni'iiinonia,  recoverr  from.  slow.  12.1 
Rfintgen  ray  in  the  sl.udy  of,  42:1. 
wandering  or  niKTalory,  205. 
with  relapses.  205.  ^^ 

Pneuinonokoniotiis,  183.  ^H 


circumsorilted,  192.  ' 

open,  165. 

with  patulous  pleural  opening,  12S. 
displacing  liver  dulness,  399,  4O0. 
effect  of,  i>n  respiration,  154. 
heart  sounds  in.  270, 
hyperresonanM  in,  117. 
intense,  as  cause  of  percussion  Jul- 

lefUsided.  230,  257. 

modes  of  discovering,  126. 

open,  splashiuK  sound  in.  1S6. 

recogniBod  by  RentgeuogrBm  of,  421. 

righl^ided,  230, 

tjinpanitie  eound  in,  125. 
PoisoiiinK,   by  alcohol  and  stiychnin. 
232, 

by  carlmnic  acid,  270, 

by  coffee,  tea,  and  tobiaceo,  232. 
Posture,  change  of,  producing  change  of 
pitch,  127. 

effect  of,  on  apex-beat,  239. 
on  respiration,  32, 
Pott's  diseuB,  4S. 
PoupBrt"s  li^mpnt,  36.1,  ."166,  377. 


ui^.k 

irrof  I'lKlit 

,.:,rli,i,27.^. 

sl|;hitic'iMc,'   of,   in   k-ft    inlerspac. 

[iliys,.., 

.'\:iniii'i:il 

num.  I(il. 

in  rii;h(  iiilercoslal  sjMices,  22:i. 
in  rjjclil  intcrH|Mi.-..8,  224, 
IN  siiiir;i,slenml  milch,  223, 

■fr..iii,cliiii 

cn-iT  iiiiiiiubriiim,  225, 

,1,  3)1. 

syiii').n.ii.«ls  with  apex-tteat,  22.'>. 

si«i,«7.f 

.i:i..,;.Ti.i,L 

7.1,  27ti. 

Prccoriliiim,  iirea.s  adjawiit  lo,  221. 

i.!i.20:i. 

:iL]si>iilta1ion  of,  349. 

St  :.«-■!< 

CJ'c'mZ 

ii;ltii.lJ,  Lll-S. 

lK,uii<lari>-s«f,  220. 

,-:1:ijr.-s 

1,  of  firiy 

biildiii;  (if,  221.ai:t. 

drpr..>«i..n  of.  221.222. 

.si  ,■.!;.■- 

II.    of    ntl 

"■'""''"' '""■ 

ins|...,.il„>,  of.  in  lu-art  di.'iease,  34,S. 
,.il|uii..T.  <.f.  L'36.  349, 

MI.L1>1. 

ill 

il    Uv.mrWi: 

IMulVMSof.- 

Vl,i|.,..l,.,,nf, 

rhvi'liiui.Ml  f^liikin'R"t,'22«, 
,-vMnli,.  r.ii-i.rtirin  of.  22<>. 
l>n'«i,:.i,rv.  i,l«l<.iiiin;d  eiibr>r.-nu.|i(  o 

H^i..;,. 

i„  |.liy>i.:,l 

i^M.of.JOl. 

',  llowiiijr  Huund  of, 
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PngnooiBy   dependent  upon  phjrncal 

diajgnoBu,  8. 
Pubic  r^gioa,  enjargemento  in,  377. 
Pufanonanr    absoeaB    and     gangrene, 

Puhnonaiy  arteiyy  eonus  arteriosuB  of, 
225. 
position  of,  217. 
pulsation  of,  313,  315. 
tension  within,  276. 
Pulmonary  cavity,  large,  128. 
of  the  apex,  120. 
shadow  of,  422. 
shape  of,  121. 
sise  of,  120. 

tension  of  walls  of,  121. 
tjrmpany  over,  119. 
with  diminished  fremitus,  68. 
with  increase  of  tactile  fremitus,  68. 
Pulmonary  circulation,  congestion  of, 
355. 
rise  of  tension  within,  277. 
Pulmonary  congestion,  acute,  207. 
Pulmonary  disease,  obstructive,  275. 
Pulmonary  edema,  207. 

differentiated  from  lobar  pneumonia, 
208. 
Pulmonary  note  over  ventricle,  247. 
Pulmonary  resonance,  diminished  near 
adjacent  organs,  88. 
dulness  of,  109. 

on  rieht  side,  99. 
pitch  of,  92. 
Pulmonary  strain,  212. 
Pulmonary  traction,  3.30. 
Pulmonary  valve,  219. 
Pulmonary    vesicles,    diminishcil    air- 
space in,  .59. 
Pulmonic  sound,  accentuation  of,  274. 
depression  of  pitch  of,  276. 
weakening  of,  275. 
Pulsations,  abnormal,  55,  72,  237. 
in  thorax  and  neck,  340. 
aneurismal,  237. 
aortic  rhytlini  of,  227. 
transmission  of,  375. 
carotid,  314,  343. 
dynamic,  237. 
epigastric,  226,  227,  351. 
expansile,  237,  427. 
of  aortic  regurgitation,  314. 
of  innominate  artery,  314. 
of  renal  artery,  397. 
precordial,  222,  245,  353. 
rhythmical  relation  of,  223. 
visibiUty  of,  223. 
radial,  weakening  and  diminution  in 

size  of,  336. 
venous,  340. 

imparted  or  false,  345. 
Pulse,  acceleration  and  retardation  of, 
320. 


Pulse,     bigeminal     and     trigeminal, 
241. 

bounding,  324. 

capillary.  339. 
oeneatn  nails,  357. 

character  of,  316,  319. 

compressible,  323. 

conditions  revealed  by,  317. 

examination  of,  316. 

frequency  of,  320. 

high  tension  of,  327,  328. 

intercurrent,  322. 

intermittency  of,  322. 

im'gularity  of,  322. 

low  tension  of,  329. 

ciuality  of,  323. 

rate  of,  319. 

rhythm  of,  321. 

ninning  or  gaseous,  329. 

soft,  329. 

subungual,  339. 

tension  of,  325. 

thready,  325. 

unilateral  abnormality  of,  336. 

venous,  342. 

volume  of,  324. 
Pulse  tracing,  apex  of,  333. 

as  diagnostic  aid,  332. 

normal,  331. 

pathologic,  332. 

strokes  of,  331,  332,  333. 

tidal  and  dicrotic  waves  of,  3.33. 
PuLse-wave,  character  of,  317. 

shape  of,  330. 

small,  distinguished  from  weak  pulse^ 
318. 
Pulsus  altemans,  241. 
Pulsus  bigeminus,  322. 
Pulsus  bisferiens,  333. 
Pulsus  celer,  3:^,  332. 
Pulsus  deficiens,  ,322. 
Pulsus  dunis,  325. 
Pulsus  fnHjuens  and  rams,  320. 
Pulsus  ine<|ualis,  322,  333,  336. 
Pulsus  intercidens,  322. 
Pulsus  intennittens,  322. 
Pulsus  magnus,  324. 
Pulsus  mollis,  325. 
Pulsus  paradoxus,  329,  330 
Pulsus  parvus,  324. 
Pulsus  tardus,  330. 
Pulsus  tremulus,  325. 
Pulsus  trigeminus,  322. 
Pylorus,  cancer  of,  377. 

stenosis  of,  383. 
Pyopneumopericardium,  311. 
Pyopneumothorax,  71. 

metallic  tinkling  in,  185. 

percussion  dulness  in,  115. 

Quadrants,  abdominal,  364. 
Quincke's  venous  pulse,  346. 


"Rftcliitic  rosaiy."  45. 
Roclul  is,  derormitiee  of  t^hcst  m.  45,  46. 
L  Bttdiul  artery,  condition  of,  oongonitol, 


putholo^,  318. 
nnrmal  iixe  of,  317. 
I  Radial  pul»e-wave.  abortive,  357. 
IladiuBiraph  nf  pilmonary  ubspws,  422. 

of  piiliuonary  gungreiie,  423. 
Bill*..  168- 

broiiehial,  169. 

differentiated   from  pleuritic   fric- 


iDtenHity  of,  174. 

infeiilaritr  and   iiironstniicy  ol, 

175. 
kreation  of.  175. 

uid  condilioiiB  itimlily- 
iug,  174. 
bubtiling,  171. 
cavern  WIS,  Ift9, 
character  of,  174. 
cnnscinaDt  or  ringing,  176. 
crepitant,  178,  177. 
distuiit.  144, 
diy,  168,  17J. 
pui^ling,  172. 
indeterminate,  144,  186. 
.  intrathoracic,  »mulatioii  of,  187, 
largo  miicoiis,  172. 
laiyniieal  and  tracheal,  IS9. 
mots-,  171,  173. 


R«latLO 

pol 
of  scapular  regions,  22. 
of  BUperior  elemal  regiona,  21. 
of  supraclavicular  re^ons,  19. 
of  Biiprascapulsr  regions,  22. 
of  Biiprastemal  regiona.  19. 
Relaxaliun  of  lunc.  mediate  hiuI  ini~ 

mediale,  119. 
Renal  dulncs!,  absence  of,  411. 

area  of.  411. 
Renal  tumors,  differentiation  of,  411. 

I  palpation, incrcaardsi-nw  f 


on  pcrcuamon,  its  relation  t 

tion  of  undertyine  parts,  „... 
Resonance,  amphoric,  94,  125,   I'Jli, 

significance  of,  130. 
deep  and  dear,  93. 
c:ta^^ratcd  or  alinomuiUy  clear,  1 16. 
impaired,  85. 

points  moet  liable  to  reveal,  (IS. 

where  normal,  130. 
in  children,  88. 

loudness  of,  factora  upon  whicli  do- 
pendent,  91, 
melallic,  94,  1-25,  12ll. 
normal  pulmoiiiirv,  KB.  93, 
nonnal  veaiculur,  8(1.  87. 
of  left  side  on  pcrcueaion,  IIX 
skoilaie,  117, 


r.-d>lx,  173, 

vmcuhir,  IJS), 

nwUKiiit,    ringing,  or 

niH^dli..,    Un. 

ve.-iciJliitvmp(Hii1ii',9J,  116,  117. 

m. 

voeal,  1S,S,  !!W,  1111. 

«lii>p.Tcl.  lf|(l. 

KlUdVl.f.'ui. 

Her.[iir.il  iuil,  iibdnminal,  diaplini(!itl;ill 

Mlhfn-pitiuU,  IIW,  172 

'■''■ 

t  ranhuiihsion  nf,  174, 

bronchiiil,  al.  linseofchi'st,  16-', 

Vt«iciilnr.  169. 

distiTiCiiishfd    fmm  hnmclloVi'MC 

viacid  niurous,  elirilc 

by  nliisper. 

uliir,  IfVJ. 

190. 

tulmhir.  Iiil. 

"Rebmmd"  or  "n'coil," 

broiifliovi.Mnihir,  l.'>!1. 

Uci'tusmusM,.,  cnntraHi 

III  nf,  394, 

envfnioii^,  Ili3,  16-1, 

llcpniiLil  A»]wi«.  diuKu 

Stic   vul f, 

ChcVlii-Stokr,s,  6(1. 

115. 

ros^wbiTl.  I,^,'.,:ill. 

Iti'Kiii'Rlknii.ii.  luirlii'.  3( 

1,  ai'j. 

«if!i    liV|>iT\n.iihii'd   h-:irt,   :11I. 

niitnil.  ;U1I,  :vr2. 

c<.mri.>ii.^:itoo-,  i,'.;i. 

["llmoTIMIT,  HiW, 

.Nvi.Va,  i.Mi 

,l.,rizm.l..|..  ;u. 

H.>blioniili.iiiil..rLiy,irr.. 

■;'•"*"-■ 

I'lT.rt   ol,  oi,   ;ip,.x-hi.|il,  1?:K1. 

of  irifri  ,.'.'::;.■>",,._,,■„, 

i.r  iiili-:i.  1 

ofiMY ■■    ..-■ 

Ill  Inlrii-.. Ill   :.-  ■■■. 

liiir-,l,','r''iii.|.'..'l.-,9. 
jiiiiTHJi'^i,'.!,'  1,-1.-..' 
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Respiration,  lagging,  65. 
nasopharyngeal,  163. 
normal,  145. 
puerile,  150. 

of  children,  153. 
puffy,  151. 

cardiopuhnonary  variety  of,  156. 
rapidity  of,  151. 

as  an  object ivo  .symptom,  4. 
rate  of,  31,  59.  60. 

in  health,  33. 
rhythm  of.  151. 

abnormal,  59,  (>(),  155. 
senile,  151. 

stage  of,  in  which  rales  occur,  175. 
stridulous.  61. 

subconscious  jilterjition  of,  34. 
superior  thoracic  or  costal,  31. 
vesicular,  14S. 

nonnal  pitch  of,  15S. 
vicarious,  153. 
Respiration  type,  costo-jibdominal,  31. 
in  women  ,31. 
modified  by  afje,  31. 

by  heredity,  31. 
pathologic  alterations  in,  51. 
thoracic  or  upper  costal,  51. 
Respiratory    air,    obstniction    of    the 

flow  of,  59. 
Respiratory  capacity,  index  of,  33. 
Respiratory  change  of  sound,  123. 
Respiratory       conditions,     abnonnal, 

.'^ounds  of,  168. 
Respinvtory  expansion,  36,  5(). 
dnninution  of,  in  emphysema,  210. 

local,  5(i. 
nonnal,  34. 
Respiratory  movements,  51. 

abdominal,    in    nervous    conditions, 

37S. 
as  cause  t)f  venous  undulations,  341. 
frcfiuency  of,  33. 
normal  typrs  of,  31. 
of  stomach,  .3^2. 

rhythm,    decree,    and   character  of, 
31. 
Rcspinitorv  nnirmin*,  marked  intensity 
of,  i51. 
pitch  and  duration  of,  145. 
quality  and  audibility  of,  145. 
rn3rthm  of,  145. 
Respiratory  piussages,  obstniction  of,  61. 
Respiratory  period,  effect  of,  on  heart 

munnurs,  298. 
Respirator}'^  pressure,  degree  of,  58. 
Respirator}'   rhythm,   acceleration   of, 
59. 
cog-whe(4,  1.56. 
irregularity  of,  60. 
normal,  34. 

relation  of  friction  sounds  to,  181. 
Respiratory  sounds,  abnonnal,  152. 


Respiratory  tract,  amount  of  air  with- 
in, 88. 
Retraction,  systolic,  241. 
Retrosternal  dulness,  129. 
Rheumatism,  284. 

inflammatoiy,  348,  357. 

preceding  mitral  stenosis,  353,  354. 

significance  of  history  of,  349. 
Rhonchi.  168,  169. 

sonorous  and  sibilant,  170. 
Rhythm,  abnormalities  of,  234. 

canter  or  gallop,  278. 

cardiac,  alteration  of,  277. 

recession  in,  241. 
Rib,  seventh,  location  of,  15. 
Ribs,  as  lanihnarks,  14. 

methods  of  counting,  14. 
Rigidity,  abdominal,  371.  372. 
Rod-pleximeter  percussion,    126. 
Rontgen  examination  of  heart,  426. 

of  intestiiu\s,  427. 

of  kidneys,  428. 

of  liver,  428. 

of  pleura,  424. 

of  spleen,  42S. 
Rontgen   negatives,   interpretation  of, 

417.  421. 
Rontgen  rav  as  aid  to  diagnosis,  417. 
Rontgenogram.  331,  417,  418,  429. 

of  cardiac  dilation,  426. 

of  cardiac  hypertrophy,  426. 

of  heart,  426. 

of  hemothorax,  425. 

of  hydropneumothorax,  425. 

of  pleural  effusion,  424. 

of  pneumothorax,  424. 

of  thickened  pleura,  424. 

time  of  exposure  for,  419. 
Rontgenogra]ih,  shadows  in,  420. 
Rontgenography,  337,  41S. 

in  pulmonary  tuberculosis,  421. 
Rontgeno.scopy,  417. 

(langei-s  of,  41S. 

Sansom's  l>inaural  stethoscope,  137. 

pleximetric  percussion,  252. 
Sarcoma,  of  kiflney,  409,  410. 

retroperitoneal,  376,  377. 
Scapula,  location  of,  16. 
Scapular  lines,  18. 

Scapular  regions,  percussion  of,  101. 
Scars,  old,  shadow  of,  421. 
Sciences,     fundamental,    upon    which 

physical  diagnosis  depends,  6. 
Scoliosis,  47. 

Screen  examinations,  418. 
Semeiology,  general,  6. 
Septic   conditions,    as    cause  of  weak 

heart  sounds,  270. 
Septum,  auriculo ventricular,  217. 

mterventricular,  217. 
Serratus  magnus,  digitations  of,  15. 


Sex,  influence  of,  in  disease,  209. 

oD  purcussion  Bouiul,  102,  lO-'). 

on  trsptratiou,  161. 
Sexual  storillty  due  to  R6ritgvii06Copy, 
418. 


.    Q  Rdntgenoenphy,  420. 

Sibaon's  furrow,  20. 
SighiDR,  causes  of,  60. 
Sigmoid  HexurPi  carcinoma  of,  377. 
Sigmoid  loop,  disttntioB  ot.  373. 
Signioid  region,  ealaiKenieiitti  ill,  377. 
"Skeletal  stigmas,"  4l3, 
"Skln-aense  of  vibistions,"  85, 
Sleep,  costal  breAthirig  in,  31. 
Sobbiug  or  whining  aa  cuiisc  of  jprky 

respiration,  151. 
Bounds,   odvputitious,    144,    Ui»,    ISO, 
258,  283. 
diS(irentiation  of,  177. 

aswciated  attributes  of,  97. 

"bundbox,"  93,  389. 

l>rouchotrocbeftl,  149. 

buhMlng.  3S7. 

wwdiopulmonary,  282.  307, 

t^rdion'Hpimiory,  307. 

clcjir,  of  air-eontiiining  tissue,  SR. 

c-liiikiiig,  387. 

cooing.  390. 

cracked-iKil.  127,  128,  130. 

cnimpline,  1S7,  mi. 


systolir,  2110. 
tympanitic,  86,88,93. 

changes  in  the  tiiteh  of,  121. 

dullor'boanly,"  121. 

open  and  eloged.  89,  121. 

pitch  of,  92. 

sise  of  commimieating  opening  of, 
93. 


of,  118, 
with  lowest  pitch,  93. 

vascular,  380- 

vesuciilar,  intensity  of,  148. 

volume  of,  its  relation  to  pitch,  94. 
Sound-waves,  transmission  of,  42.'>. 
Sphygmograms,  diagrammatic  and  ite- 
tiial,  334. 

signifleance  of  various  lines  of,  332. 
Spliygmograph,  316,  330. 
Sphygmomanometer,  316,  325. 
Spinal  curvature,  47. 
Spine,  distinct  appeaiunce  of,  10. 

dorsal,  exaggerated  curve  of,  210. 
Spirometer,  HutchinBon'a,  40. 
Spirometry,  33,  40,  41,  57,  68. 
Splanchnoptosis,  413. 
Spleen,  anatomy  of,  401. 

displiMMd  or  floaiiiic,  377. 

emWu*  Mtd  infarcTof,  407. 

nilrirei-nicm  of,  377,  402,  401,   400, 
-IIJ,       (.<-■,'  ;ils„  T:,l.- 
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Stethoscope,  binaural,  135.  137. 

advantages  and  disadvantaires  of, 

139. 
general  use  of,  136. 
chest  piece  of,  138. 
choice  of,  141,  259. 
differential,  140. 
double,  136. 
Hawksley's,  135. 
invention  of,  132. 
jointed,  objections  to,  137. 
monaural,  135. 
noises  product'd  by,  143. 
of  Bowles,  135.  lis,  139. 
of  Cammann,  82,  136. 
of  Laennec,  135. 
of  Valentine,  13S. 
single,  disadvantages  of,  135. 
use  01,  142,  143. 

in  auscultation,  133. 
in  p)ercussion,  S2. 
Stiller's  intercostal  phonation  phenom- 
enon, 5(). 
"Stitch*'  in  the  side,  (>(),  17S,  201. 
Stokes- Adams  syndnime,  321. 
Stomach,  air-inflated,  metallic  tinkling 
in,  185. 
anatomy  of,  topographic,  381. 
atony  of,  387. 
auscultation  of,  387. 
carcinoma  of,  384. 
cardiac  and  pyloric  orifices  of,  381. 
dilation  of,  377,  382,  383. 
diminished  piTcussion-arca  of,  '^S7. 
diminished  size  of,  387. 
displacement  of.  382,  .3.S3,  386. 
distention  of,  2()9,  375. 
artificial,  .3S5,  :^7. 
by  gas,  372,  427. 
enlarged,   masking  pneumonia,  205. 
greater  and  lesser  cnrvaturcs  of,  iiSl. 
hollow  tone  of,  94. 
normal  position  of,  3S4,  .'iS5. 
opacity  of,  for  examination,  427. 
palpable  portion  of,  ,'^S2. 
patnologic  conditions  of,  .'^2. 
percussion  of,  94,  384. 
testing  of,  by  means  of  emulsion  of 

bisnnith'  427. 
tumors  of,  .'383,  :^4,  386. 
Stomach  tube,  use  of,  385. 
Striae  over  alxlomen,  369. 
Stridor,  61. 

Structures,  air-containing,  85,  97. 
'  Subphrenic   abscess,   differential   diag- 
nosis of,  425. 
Subphrenic  friction,  311. 
Succussion  sound,  387. 

in  hydropneumothorax,  185. 
in  pyopneumothorax,  185. 
significance  of  disappearance  of,  186. 
Suction  sound^  post-tussive,  186. 


Supraclavicidar  spaces,  percussion  in, 

97. 
Suprarenals,  cancer  of,  376. 
Suprascapular     spaces,  percussion  of, 

101. 
Suprasternal  notch,  14,  18. 
SjTnptoms  of  disease,  objective,  4. 

subjective  and  objective,  5. 
Syphilis  of  liver,  393,  395. 
Syphilism,  284. 

Systolic  munnur,  sul)cLivian,  339. 
Systolic  sound,  change  in  (|uality  of, 
269. 

double  rhythm  of,  268. 

duration  and  pitch  of,  261. 

intensity  and  quality  of,  261. 

reduplication  of,  281. 

single,  3;^. 

valvular  element  of,  268. 

ventriculiir,  263. 

Tachycardia,  234,  239. 

in  neurotic  females,  307. 

paroxysmal,  320. 
Tap,  dry.  of  the  pleura,  195. 
Temi>erament,     effect     of,     on     valve 
sounds,  267. 

phlegmatic  and  neurotic,  269. 
Temporal  artery,  pulsation  in,  314. 
Tencleniess,  epigastric,  383. 
Test,  coin-clinking,  126. 
Thigh  sound,  85.  89. 
Thoracentesis,  195. 
ThoniconK'try,  35,  37,  42,  56. 
Thorax.     See  also  Cfust. 

anterior  surface  of,  ri'sonance  of,  105. 

(lefonnit y  of.  230. 

(li>plaeing  apex-beat.  229. 

osseous,  resilience  of,  SS. 

posterior  n^gions   of,   percussion   of, 
101. 
Thrill.  189,  236. 

cardiac.  241. 

<lia>tolie.  of  mitral  stenosis.  242. 

due  to  \alvular  lesions,  243. 

hydatid.  'M)C>. 

location,    rhythm,    and    extent     of, 
242. 

presystolic,  354. 

purring,  354. 

systolic,  243. 
Thrombosis,  venous,  209,  316. 
Tiss\ie,  airless,  85. 

differentiated  from  air-containing, 
91. 

solid,  85. 

vesicular,    diminished    elasticity   of, 
155. 
Tone,  elements  of,  n-lations  of,  96. 

musical,  86.  166,  170. 
Tonometer,  316. 

of  Gaertner,  326. 


Topngmphic   pprcutiaion,   awimcy  of 
104. 

cou'Utioiis  iiepeasary  for,  103. 

method  of,  103. 
Trachea,  bifurcalion  of,  27. 
Tracheal  rexoimuco  of  U'iUmms,  134. 
Tracheal  tu^,  315. 
Tracheal  whisntr,  nonmtl,  1S3. 
TmchcobrononlBl  column  otuir,  H8. 
T  ^heoph     y        rm  1    1\8 
Tmnsudat     dropsi     1  37 
Tra  l>f  '      -         -  ■" 


38      384 


f  tyropaniti 


Treat        t    d  pe  d  nt  upon  physical 


Tretn       3>' 
Tn  hte  L 
Tncusp  d 


ished  firel  sound 


Tn  isp  i!  IHH  ffi        y  relat     ,  351. 
Tn      p  d  regurgitat        243  307,  343. 

ph  n   m  f  353 

Tn  usp  d   Bte  osi     diff  rentiation  of, 

T  UBpd     al       219 

T  bal    w  11    KB   37S 

T  bercles 

T  bero  1 


lUr,  372. 
of  (ihoit  wall,  51. 
of  eall-bladder,  397. 
of  kidney,  377, 
of  liver  Olid  gall-tibdder,  383, 
of  lung,  111. 
ovftrinii,  376,  377. 
overlying  aorta.  227. 
n-niil.  410. 
replaecttbip,  413. 
Hplemr.  403,411.413. 

differentiation  of,  411, 
tympaiiicity  of,  37!). 
TympanitoB,  367,  373, 
Tympunitic  sound,  clicitiil  in  at 
379. 
exaggerated,  378. 
Tympany,  apical,  119. 

gBHtric,  382,  384,  398,  406. 
diminution  of.  130. 
distinguished   from   colonic. 


11.403. 

Illf*r,  gaatric,  383. 

Umbilical  region,  enlai|!enient  of.  377. 

waves  around,  significance  of,  3S9. 
ITmbiUcuB,  M  a  hmdmark,  366. 

leveling,  or  protrusion  of,  360. 


rnrliil:itiori.-^of  v.-Jti:^.  34L). 
I   rterine  snullle,  3:J9. 
I'leniB.  tbroid  cnlargcmpnt  of.  ,377. 
pn'giianl ,  systolic  n 
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Valvular  murmurs,  pulmonary,  285. 

tricuspid,  285. 
Vegetations  on  valves,  289. 
Veiled  puflf,  186. 

Veins,  abdominal,   enlarged  and  tor- 
tuous. 368. 
collapse  of,  343. 
engorgement  of,  340. 
fulness  of,  340. 
''milking"  of,  343,  345. 
pulsation  of,  340. 
superficial,  enlarjieniont  of,  340. 
Vena  cava,   superior,   c<mipn's.si()n   of, 
341. 
position  of,  2 IS. 
Venous  distention,  general,  340. 

local,  340. 
Venous  hum,  346. 
intensity  of,  347. 
intermittent,  347. 
pathologic,  347. 
physiologic,  34(>. 
Venous  liver  pulse,  345. 
Venous  pulsations,  341. 

due  to  cardiac  conditions,  312. 
due  to  ri'spiratory  movements,  341. 
hepatic,  393. 
propiigation  of,  345. 
Venous  pulse,  diagnosis  of,  344,  346. 
in  health,  342. 
negative,  342,  343. 
normal,  343. 
positive  ceritrifugal.  344. 
presystolic,  342,  313. 
progressive,  'MO. 
systolic  or  positive,  313. 
Venous  thrombosis,  209. 
Venous  undulations,  341. 
Ventricle,  left,  dilation  of,  229,  35S. 
enlargement  of.  2.i3. 
hypertrophy  of.  229.  271. 
hypertrophv  and  dilation  of,  229, 

230,  35X.' 
regurgitation  of  blood  into,  35S. 
right,  competencv  of,  275. 
dilation  of,  227,  305. 
hypertrophy  of,  227,  275,  315,  351. 
strain  upon,  227. 
Ventricles,  enlargement  of,  426. 

excessive  pressure  within,  281. 
Vertebra  prom inens,  15,  17. 
Vertebral   spines,    tips   of,   as    guides, 

15. 
Vesicles,  consolidation  of,  191. 
Vesicular  breathing,  14S. 

diminished  intensity  of,  in  the  aged, 

150. 
influence  of  age  upon,  150. 
normal  variations  in,  150. 
origin  of,  149. 
pitch  of,  148. 
quality  of,  148. 


Vesicular  breathing,  relative  duration  of 
inspirationand  expiration  in,  148. 

rhythm  of,  149. 
Vesiculotympany,  117,  212. 

as  sign  of  disease,  130. 
Vibrations,  thoracic,  65. 
Viscera,    congenital    transposition    of, 

230. 
\'ital  capacity,  40. 

abnonnal,  57. 

criterion  of,  57. 
Vocal  fremitus,  abscnice  of,  69. 

deiXMident  upon  di.stance  from  lar^'iix 
of  part  examined,  66. 
upon  pitch  of  voice.  66. 
upon  size  or  diameter  of  the  bron- 
chus, 66. 
upon  thickness  of  chest  wall,  66. 

dimmution  of,  67,  68. 

in  hypostasis,  207. 

increase  of,  66,  67. 

normal  variations  in,  66. 

patholosjie  changes  in,  ()7. 
\'oraI  resonance,  artificial,  194. 

clinical  significance  of,  ISS. 

diminished  or  absent,  193. 

in  disease,  190. 

nomial,  189. 

study  of,  144. 

tested  in  the  dumb,  194. 
Voice,  amphoric,  190,  193. 

auscultation  of,  18S. 

bleating  quality  of,  190. 

pitch  of,  (>6. 

spoken,  ISS. 

whisp(  red,  18S,  191. 
Voice  sounds,  nonual,  IKS. 

without  fn^mitus,  1.S9. 
Volv\ilus,  373. 
Vomica).    See  Pxdmonarn  Cnntirs. 

Wa.sting  di.<eases,  chronic,  272. 

functional  nnu-mur  in,  305. 
W'ater-liannner  ]nds(\  358. 
Water-whistling,  1.S6. 
Wave,  dicrotic  or  recoil,  332. 

hyperdicrotic,  333. 

outflow-remainder,  332. 

predicrotic  or  tidal,  332. 
Weil's  disease.  (See  Table  on  the  Diag- 
nosis of  Diseases  of  the  Liver, 
bet.  pp.  396-97.) 
Whisper,  exaggemted,  191. 
\\Tiisper  bronchophony,  189. 
WTiispered  resonance,  nonual,  189. 
Whispc^red  voice  in  disease,  190. 
Williams's  tracheal  tone,  124. 
W'inter  cough,  158. 

of  old  people,  277. 
W^int rich's  change  of  sound,  121,  122, 
124,  126. 

interrupted,  123. 


Wruit  percussion,  ease  and  elasticity  of, 
80. 
how  to  pmctise,  80, 


Yfllott'  atrophy  of  the  Hver.  (St»  Table 
on  the  Diagnosis  of  IliBeufieti  oi 
the  IJver,  bet.  pp.  396-97.) 


Xiphoid  and  navel,  curcinoma  between. 


Zierossen's  method  of  dialending  sl( 

ach,  385. 
Zones,  anatomic,  of  abdomen,  363. 

epigastric,  363. 

hypogaalrie,  3ti3, 

moiogafitnc,  363. 
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"  Tlw  two  volumes  of  the  work  fulfil  every  practical  need  of  the  practising  surgeon, 
and  are  i>etfecl  typographically. "^Dchiy/-  Mcdkal  Timti. 

"It  is  soldoni  (hat  one  meets  with  such  an  eminently  satisfactory  work  as  the 
second  volume  of  Bryant's  '0|ierative  Suiyery.'  One  feature  of  especial  importjiue 
in  the  work  is  the  illuslrntiiHis.  No  present-day  work  on  operative  surgery  can  be 
satisfa.;lory  wilhoiit  the  aid  of  good  illustr.it ions,  and  in  this  respect  Bryant's  work  is 
very  i<m\\-\iie:'—Phitjddpbia  Medicui  Joiinul. 

"The  hii;h  sland.ml  of  excellence  estahlished  in  the  first  volume  of  Dr.  BryanCs 
work  is  fully  maiiil.nined  in  Ihis,  the  second  volume,  so  thai  this  lexl-hook  on  opera- 
tive surgery  presents  a  coiiiplcle,  exhaustive,  .md  valuable  treatise  of  this  import.Tnl 
branch  of  medicine,  A  reading  of  both  vnlumes  will  convince  any  one  that  Dr.  Bryam 
ha';  something  to  say,  and  thai,  better  than  this,  lie  well  knows  how  lo  say  it.  The 
bii,.k  is  eiiiineiitly  ptaclical  and  concise,  aiui  is  a  re.il  addilion  lo  the  literature  of  Ihis 
imptirtant  and  Tiiu.h-lrealed  subject."— /("i™ J /  0/  MeJimie  jaJ  ScUnct. 
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THE  DISEASES  OF  INFANCY 
AND  CHILDHOOD. 

By  L  EMMET  HOLT,  M.D.,  Sc.D.,  LL.D., 

Professor  of  Diseases  of  Children  in  the  College  of  Physicians  and  Surgeons  (Columbia 
University),  New  York;  Attending  Physician  to  the  Babies' and  Foundling  Hospitals, 
New  York;  Consulting    Physician  to  the  New  York  Infant  Asylum,  Lying- 
in  Hospital,  Orthopedic,  and  Hospital  for  the  Ruptured  and  Crippled. 

THIRD   EDITION,    REVISED    AND    ENLARGED,    WITH    TWO 

HUNDRED    AND   FORTY-FIVE    ILLUSTRATIONS, 

INCLUDING  NINE  COLORED   PLATES. 

Cloth,  $6.00 ;  half  leather,  $6.50. 

Sold  only  by  SiibSitiption, 

"Throughout  the  work  the  evidence  of  careful  revision  is  everywhere  apparent, 
and  the  volume  represents  essentially  the  best  exposition  of  the  latter-day  pediatric 
teaching." — Cleveland  Medical  Journal. 

"  This  second  edition  is  even  better  than  the  first,  and  more  than  retains  the  high 
position  taken  by  its  predecessor.  No  one  interested  in  the  diseases  of  childhood  can 
afford  to  be  without  \V— Boston  Medical  and  Surgical  Journal. 

"No  radical  departure  from  the  previous  edition  has  been  instituted  in  this  the 
second  edition.  The  material  has,  however,  undergone  a  thorough  revision,  with  the 
addition  of  new  and  thorouglily  tried  methods  of  diagnosis  and  treatment  which  have 
been  accepted  since  the  appearance  of  the  previous  edition.  The  most  noteworthy 
change  has  been  in  the  chapter  on  Milk  and  Infant  feeding.  This  section  has  been 
completely  rewritten,  with  the  addition  of  mucii  new  and  valuable  material  in  accord 
with  the  great  advance  maiie  in  this  important  branch  of  pediatrics.  Old  illustrations 
have  been  replaced  by  newer  and  better  ones.  New  ciiarts  and  diagrams,  witii  twenty- 
one  additional  illustrations,  enhance  the  value  of  an  already  accepted  standard  work." 
—  Yale  Medical  Journal. 

"  Holt  is  recognized  as  one  of  the  foremost  authorities  on  pediatrics  of  America, 
and  therefore  of  the  world.  He  has  made  a  very  extensive  first-hand  study  of  the  care 
of  children  and  their  diseases,  and  so  writes  iVoiii  a  mind  replete  with  the  clinical 
pictures  of  suffering  childhood.  The  work  is  complete  iVom  every  practical  standpoint, 
and  the  text  embraces  iioi  octavo  pages.  The  student  or  practitioner  who  has  Holt 
at  hand  need  hardly  ever  be  at  a  loss  for  a  reliable  line  of  treatment  in  his  pediatric 
practise." — Denver  Medical  Times. 

"The  changes  within  the  past  five  years  have  not  been  very  extensive,  ^et  the 
many  new  facts  that  have  come  out  in  the  rapidly  advancing  science  of  pediatrics  have 
here  all  received  their  share  of  careful  and  judicial  treatment. 

"The  extremely  practical  question  of  infant  feeding:,  as  is  well  known,  has  been  a 
subject  of  special  study  by  the  author,  and  one  in  which  medical  advances  have  been 
made  very  largely  identified  with  his  name.  It  is  a  pleasure  to  find  the  subject  han- 
dled in  a  text-book  in  a  comprehensive  and  yet  common-sense  manner." — New  York 
Medical  News. 
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A   TEXT-BOOK  FOR    THE   USE  OF  STUDENTS  AND 
PRACTITIONERS. 

By  J.  WHITRIDGE   WILLIAMS, 

Profoior  of  Obslclrirt,  Jolnu  Hopkins  Univcrstty;  ObstclrL-ian-iii-Chief  to  the  Johni 
I-In|ikiil5  Hofpilnl ;  Gynecologist  to  t)ve  Union  I'ratestanl  Infrmiary,  B^iltimgre,  Md. 

SIX  HUNDRED  MND  THIRTY  ILLUSTRATIONS  IN  THE  TEXT 
AND  EIGHT  COLORED  PLATES, 

Cloth,  $6.00;    Half  Leather,  $6.50.  J 

SOLD  ONLY    BY  SUBSCRIPTION,  ™ 


I  "Tile  Stlufie*  of  the  anntoniy  of  Ihe  uterus  and  its  adnexa  are  unique,  itid  alTcitd 
1,11m  atudent  opportunily  foi  atlradrvc  oci:upation  in  the  acquirement  of  complcli-r 
|i1(nowledge.  The  develoiimeiit  of  the  ovum  and  placenta  has  never  been  set  forth  ji 
liWClIh)  I  work  on  obstetncs,  according  la  our  view,  as  by  Williams.  The  illustiations 
showing  the  structure  of  the  placenta  are  admirable. 

'■  In  the  section  on  obstetric  surgery,  bejjinning  with  induction  of  abortion  and  ac- 
couchement forc£,  including  forceps  aiitt  version,  Cesarean  section  and  symphysiotomy, 
deslruclive  operations,  and  ending  with  operative  procedures  which  do  not  aim  al  a 
delivery,  is  found  quite  the  most  ample  handling  of  operative  obstetrics  that  hai  yet 
bc«n  published  in  such  a  treatiK.  Here,  again,  illustrations  supplement  the  text  in  an 
jiutructive  fashion. 

'5  dealing  with  contracted  and  otherwise  defoimcd  pelves,  and  the  man- 

__ , ^   .__  ■-.!__.   ,. .    ---  -^£[ory      Injuries  of  the  birth  canal, 

"^  epared  by  one  who  understands  Ihe 

what  he  inuil  know  to  ol't:iin  suclcss  m  the  j'raili^-..'  r.r  .i-i  (r,  .  li  i-  i  h,  uk  ri,.,  i^- 
by  a  clinician,  which  ijives  Ihe  nmsl  advance.l  exposition  of  the  art  .ind  is  n  di>(iiict 
addition  to  obstetric  lilcnluro. 

"Much  original  work  has  l)een  done  in  the  way  of  illustr.ilion,  as  well  as  in  Ihe 
nrep.iraliiiii  nf  Ihe  nialfrial  of  many  chapters,  and  llie  whole  sul'jeLt-niatter  is  prcsciiled 
in  an  original  inann^r.  Tile  book  ii  a  ciedil  to  both  author  and  publisher." — BiiJTjIo 
\fedU^I  Jaunut. 

"  At  a  cert^iin  cxamiii.ilion  tlie  queslion  was  asked:  '  Describe  Ihe  management  of  a 
face  presmlnli.iil  in  the  M.  D.  P.  position.'  The  examined  mon  were  like  ■  slicep  K-fore 
the  sheareis' — i'.  r..  dumb.  An  invesligation  showed  thai  the  popular  tcsl-book  made 
scant  reference  to  the  so-called  '  Ulldeliverable  '  position. 

"  E'erh,i|«  a  knowledge  of  this  fact  led  Ihe  reviewer  of  Dr.  Whitridgc  Williams's 
work  lo  coii.ider,  tir-it,  llie  description  of  Ihe  presentation  In  general,  and,  second,  those 
of  the  lace  in  particular.  The  admirable  methods  employed  in  explaiialion  and  the 
ample  detnfin>lialiiiir  dt.iwings  illustratmg  these  fiindamenlals  of  obstetric  knowledfje 
show  th:n  the  aulhiir  is  thai  rare  combination,  a  teacher  and  a  sludenl  of  students  and 


Ihei 


it  Ilk  1  to  the  rtipitred  mimiline^s,  nnd  beyond  that  nothing.  The 
are  in  iiiv,  nu\tl  ind  pond  1  hi\  I  ill  a  ik  finite  purpose,  and  that 
liEi..       A-,     IK  rt  uK  page    iltii  pite  tht  old-fashioned  words, 
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